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COMPOSITIONS AND MEIHODS FOR THE TREATMENT OF TUMOR 
Fieldoftolnveatioa 

Hie present invention relates to compositions and methods for the diagnosis and treatment of tumor. 

Background of die Invention 

Malignant tumors (cancers) ate dbe second leadii^ cause of death in the United States, after heart 
disease (Boring ct aL, CA Cancel J. ain. 4i 741993]). 

Oancer is characterized by the increase in the number of abnormal, or neoplastic, cells derived from 
a normal tissue vidiich proliferate to form a tumor mass, the invasion of adjacent tissues by these neoplastic 
tumor cells, and die generation of malignant cells which eventually spread via the blood or lymphatic system 
to regional lymph nodes and to distant sites (metastasis). In a cancerous state a cell proliferates under conditions 
in which normal cells would not grow. Cancer manifests itself in a wide variety of forms, characterized by 
different degrees of invasiveness and aggressiveness. 

Alteration of gene expression is intimately related to the uncontrolled cell growth and d&dififerentiation 
which are a common feature of all cancers. The genomes of certain well studied tumors have been found to 
show deceased expression of recessive genes, usually referred to as tumor siq[>pression genes, ixdiidi would 
nomially function to prevent malignant cell growth, and/or overe xp ressicMi of certain dominam genes, such as 
oncogenes, diat act to promote malignant growdL Each of these genetic chaoges appears to be responsible for 
importing some of the traits that, in aggregate, rqinresent the full neoplastic phenotype (Hunter, £dl M, 1 129 
[1991]; Bishop, Cell M. 235-248 [1991©. 

A well known mechanism of gene (e.g. oncc^gene) o v erexpression in cancer cells is gene amplification. 
This is a process where in the chromosome of the ancestral cell multiple copies of a particular gene are 
produced. The process involves unsdieduled replication of the region of chromosome comprising the gene, 
foUowed by recombination of the replicated segments back into the chromosome (Alitalo et al., Adv, Cancer 
42, 235-281 [1986]), It is believed diat the overexpression of die gene parallels gene anq)lification, Le. 
is proportionate to the.number of copies made. 

Proto-oncogenes that encode growth fadoxs and growth factor receptors have been identified to play 
important roles in die pathogenesis of various human malignancies, includiiig breast cancer. For example, it 
has been found that die human ErbB2 gene (er6B2, also known as W2, oTC-erbB'2), which encodes a 185-kd 
transmemlvane glycoptotein receptor (p\ 85"^; HER2) related to die epidermal growdi factor nccpUrr (EGFR), 
is overexpiessed in about 25% to 30% of human breast cancer (Slamon et al.. Science 235:177-182 [1987]; 
Slamon ei al. Science 244:707-712 [1989]). 

It has been reported that gene amplification of a protooncogen is an event typically involved in the 
more malignant forms of cancer, and could act as a predictor of clinical outcome (Schwab et a/., Qsos& 
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nhmmosomes Cancer 1, 181-193 [1990]; Alitalo ei al, supra). Thus, er6B2 ovei^ression is commonly 
regarded as a predictor of a poor prognosis, especially in patients with primaiy disease tbat involves axillaiy 
lymph nodes (Slamcn et al„ [1987] and [1989], siq>ra\ Ravdin and Chamness, Gene 159:19-27 [1995]; and 
Hynes and St^ Biochim Biophys Acta 1198:165-184 [1994]), and has been linked to sensitivity and/or 
5 resistance to hormone thenq)y and chemotherapeutic regimens, including CMF (cyclophosphamide, 

methotrexate, and fluoruracil) and anthracyclines (Baselga et aly Oncology 11{3 Suppl l):43-48 [1997]). 
However, despite the association of erb&l overexpressicMi with poor prognosis, the odds of HER2-positive 
patients re^xmding clinically to treatment with taxanes were greater than three times those of H£R2-negative 
patients {Ibid). A recombinant humanized anti-£ibB2 (anti-H£R2) monoclonal antibody (a humanized version 
10 of the murine anti-£ibB2 antibody 4D5, rcfeircd to as rfauMAb HER2 oc Herceptin(S)) has been clinically active 

in patients with EibB2-overexpressing metastatic breast cancers diat had received extensive prior anticancer 
ther^. (Baselga ei id., J. Clin. Oncol 14:737-744 [1996]). 

Riitmnary nf the Invention 

The present invention concerns compositioris and methods for the diagnosis and treatment of nec^lastic 

15 cell growth and proliferaticni in mammals, including humans. The present invention is based on the identification 

of a gene that are amplified in the genome of tumor cells. Such gene amplification is expected to be associated with 
the overexpression of the gene product and contnbute to tumorigenesis. Accordingly, the protein encoded by the 
an^lified gene is believed to be a useful target for the diagnosis and/or treatment (including prevention) of certain 
cancers, and may act of predictors of the prognosis of tumor treatment 

20 A gene product, CT-1, is usdul in die treatment of heart &ilure and/or neurological disorders such as 

pei^xheial neuropadiy was disdosed in U.S. Patent 5,571,675 (herein incorporated by refiaence in its entirely). The 
surprising discovery diat CT-1 is amplified in tumor cells, such as lung and colon tumor cells, is disclosed heiein. 
Applicant's discovery that CT-1 is ampliiied in tumor cells led to the additional discoveries of conq[>osition8 for 
treatment of tumcn- cells and irodiods of carrying out such treatment. 

25 In one embodiment, the present invention oHicems an isolated antibody which binds a CT-1 polypeptide. 

In one aspect, die antibody induces death of a cell ovm3q>resstng a CT-1 polypeptide. In another aq>ect, the 
antibody is a monoclonal antibody, which preferably has nonhuman complementarity detomining region (CDR) 
residues and human fiamework regicm (FR) residues. The antibody may be labeled and may be inunobilized on a 
solid siq>port In a further a^)ect, the antibody is an antibody fragment, a single-chain antibody, or an anti-idiotypic 

30 antibody. 

In anodier embodiment, the inventicm concerns a composition comprising ^ antibody i^ch binds a CT-1 
polypq)tide in admixture with a pharmaceutically accq>table carrier. In one aspect, the composition coiiq)rises a 
thers4)eutica]ly effective amount of the antibody. In another aspect, the composition comprises a further active 
ingredient, which may, for example, be a further antibody or a cytotoxic or chemothenq^eutic {igent Preferably, tiie 
35 composition is sterile. 

In a further embodiment, the invention concerns nucleic acid mcoding an anti-CT-1 antibody, and vectors 
and recombinant host cells comprising such nucleic acid. 
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In a still fiiitfaer onbodiment, the inventioii concerns a method for producing an anti-CT-1 antibody by 
oilturing a host cell transformed with nucleic acid encoding the antibody under conditions such that the antibody is 
expressed, and recovering the antibody from the cell culture. 

The invention further concerns antagonists and agonists of a CT-1 polypq>tide that inhibit one or more of 
5 Ae functions or activities of the CT-l polypqjtide. 

In another embodiment, the invention concerns a method for determining the presence of a CT-1 
polypq)tide comprising exposing a cell suspected of ccmtaining the CT-1 polypeptide to an anti-CT-1 antibody and 
detennining binding of the antibody to the celL 

In yet another embodiment, die present invention ccmcems a method of diagnosing tumor in a mammal, 
10 comprising detecting the level ofcjqjressionofa gene encoding a CT-1 polypq)tide(a)inatestsanq>leoftissuecells 

obtained from the m flm">al^ and (b) in a control sample of known normal tissue cells of the same cell type, wherein 
a higher expression level in the test sample indicates the presence of tumor in the mammal from which the test tissue 
cells were obtained. 

In another embodiment, tiie present inventic» concerns a method of diagnosing tumor in a mammal, 
15 comprisii^ (a) ccmtacting an anti-CT-1 antibody with a test sample of tissue cells obtained from the mammal , and 

(b) detecting Ihefoinsatioaofa complex between &e anti-CT-1 antibody and the CT-1 polypeptide in the test sanq>le. 
The detection may be qualitative or quantitative, and may be performed in comparison with monitcnring the complex 
formation in a control sample of looown normal tissue cells of the same cell type. A larger quantity of complexes 
formed in the test sample indicates the presence of tumor in the manmial from which the test tissue cells were 
20 obtained. The antibody preferably carries a detectable labeL Complex formation can be monitored, for example, 

by light microscopy, flow cytometry, fhiorimetry» or other techniques known in the art 

The test sample is usually obtained from an individual suspected to have neoplastic cell growdi or 
proliferation (e.g. cancerous cells). 

In anodier embodiment, die present invention ccmcems a cancer diagnostic kit, comprising an anti-CT-1 
25 antibody and a carrier (e.g. a buffer) in suitable packaging. Tlie kit preferably contains instructions for using the 

antibody to detect ^ CT-1 polypeptide. 

In y^ another embodiment, the invention concerns a method for inhibiting the growth of tumor cells 
comprising exposing a cell which overexpresses a CT-1 polypq)tide to an effective amount of an agent inhibitir^ 
Ae expression and/or activity of the CT-1 polypq>tide. The agent preferably is an anti-CT-1 antibody, a small 
30 oiganic and inorganic molecule, pq>t[de, i^iosphopeptide, antisense or ribozyme molecule, or a triple helbt molecule. 

In a ^)ecific aspect, the agent, e.g. anti-CT-1 antibody induces ccU death. In a further aspect, the tumor cells are 
further exposed to radiation treatment and/or a cytotoxic or chemotherq>eutic agent 

In a further embodiment, &e invention concerns an article of manu&cture, con^irising: 

acontainen 

35 a label on the container and 

a composition comprisiiig an active agent contained within the container; wherein the ccMiqposition is 
effective for inhibiting the growth of tumor cells, the labd on the cc^^ 

for treating conditions characterized by overexpression of a CT-1 polyp^tide, and the active agent in the 
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CQDipositian is an agent inhibiting the expression and/or activity of the CT-1 potypq^tide. In a preferred aspect, the 
active agent is an anti-CT-1 antibody. 

A method for identifying a compound capable of inhibiting the expression and/or activity of a CT-1 
polypeptide, comprising contactii^ a candidate compound with a CT-1 polypeptide under conditions and for a time 
5 sufficient to allow these two components to interact In a specific aspect, either the candidate compound or the CT-1 

polypeptide is immobilized on a solid support. In another aspect, the non-immobilized component carries a 
detectable label. 

Brief Description of the Drawing s 
Figure 1 (SEQ ID NO: 1 and 2) shows the nucleotide sequence of DNA58125 that is a cDNA encoding a 
10 native sequence cardiotrophin-1 (CT-1). SEQ ID NO:l is the coding strand of DNA58125 and SEQ ID N0:2 is tfie 

ccmiplementaiy strand of DNAS8I25. SEQ ID N0*3 is die derived amino acid sequence of a native sequence 
caidiotrophin-l (CT-l). 

Figure 2 is a^ diagram of human chranosome 16 indicating the regions of the chromosome at v^ch 
DNA58125 and various maricer probes hybridize. The maiioer probes (P7, P5S, P99, PI 54, and P208) are located 
IS approximately every 20 Megabases aloog chromosome 16 and are used as controls for measurement of genetic 

amplification. DNA58125 hybridizes to a region on the long arm between the centromeie and marker probe P99- 
Figure 3 is a three-dimensional representation of the results of a framework analysis of DNA58125 
(caidiotrohin-1) on lung tumor Panel 1. The primary lung tumors tested are shown along the x-axis; the maricer 
probes and DNA58125 are shown along the z-axis; and the relative genetic amplification in the area of each of the 
20 marker probes is shown as bars on die y-axis. Bars project above the zero plane for geneitc regions amplified relative 

to DNA5 8 1 25 in healthy tissue, or below the zero plane indicating reduced genetic quantitation in that regioiL 

Figure 4 is a three-dimensional representation of the results of a firamework analysis of DNA58125 
(cardk>trophin-l) on hmg tumor Panel 2. The bar gr^h is arrariged as generally described in Figure 3. 

Figure 5 is a two-dimensicmal bar grsq^ summary of die results for DNA58125 finom Figures 3 and 4. The 
25 mean ACt values determined for each of the hmg tumors lines tested are shown. 

Figure 6 is a three-dimensional representation of the results of a framework analysis of DNA58125 
(cardiotityphin-1) on colon tumor Panel 1. The primary colon tumors tested are shown along the x-axis; the marker 
probes aiKl DNA58125 are shown along the z-axis; and the relative genetic anq>li£ication in the area of each of the 
marker probes is shown as bars on tiie y-axis. Bars project above the zero plane for genetic regions amplified relative 
30 to DNA58 1 25 in healthy tissue, or below the zero plane irxiicating reduced genetic quantitation in that region. 

Figure 7 is a three-dimensional rqnresentation of die results of a framework analysis of DNA58125 
(cardiotrophin-1) on colon tumor Panel 2. The bar grsq;^ is arranged as generally descnl)ed in Figure 6. 

Figure 8 is a two-dimensional bar gr^ summary of die results for DNA58 125 from Figures 6 and 7. The 
mean AQ values determined for each of die ookm tumors tested are showiL 
35 Figure 9 is a three-dimensional representation of the results of an epicenter analysis of DNA58125 

(cardiotrophin-1) on lung tumor Panel 1. The bar graph is arranged as generally described in Figure 3. 

Figure 10 is a three dimensional representation of the results of an epicenter analysis of DNA58125 (CT-l) 
on lung tumor Pane! 2. The bar graph is arranged as ^oerally described in Figure 3. 
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Figure 1 1 is a three dimensional rq>resentation of tiie results of an epicentor analysis of DNA58125 (CT-1) 
on colon tumor Panel 1. The bargr^h is airanged as generally described in Figure 6. 

Figure 12 is a three dimenstonal rqnesentation of fbt results of an epicenter analysfis of DNA58125 (CT-1) 
on colon tumor Panel 2. The bar gr^h is arrai^ed as generally described in Figure 6. 

Detailed Description of the Invention 

L Dg fi nitjo DS 

The phrases "gene amplification'* and "gene duplication" are used interchangeably and refer to a process 
by which multiple copies of a gene or gene fragment are fonned in a particular cdl or cdl line. Hie duplicated r^on 
(a struck of amplified DNA) is often referred to as **amp]icon.** Usually, the amount of the inessenger RNA 
(mRNA) ]mducedy i.e. the level of gene expression, also increases in the proportion of the numbor of copies made 
of &e particular gene expressed 

'Tumor^, as used herein, refers to all neoplastic cdl growth and proliferatiQn, whether malignant or benign, 
and all pre-cancerous and cancerous cells and tissues. 

The terms "cancer" and "cancerous** refer to car describe the physiological condition in mammals that is 
typically characterized by unregulated cell growth. Exanples of cancer include but are not limited to, carcinoma, 
lymphoma, blastoma, sarcoma, and leukemia. More particular ^an4>les of such cancers include breast cancer, 
prx>state cancer, colon cancer, squamous cell cancer, small-cell hmg cancer, non-small cell lung cancor, 
gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder cancer, 
hepatoma, colorectal cancer, endometrial carcinoma, salivary gland carcinoma, kidney cancer, liver cancer, vulval 
cancer, thyroid cancer, hqpatic carcinoma and various types of head and neck cancer. 

Treatment** is an intervention performed with the intention of preventing the development or altering the 
pathology of a disorder. Accordingly, **treatmenf* refers to both tiierapeutic treatment and prophylactic or 
]Heventative measures. Tbose in need of treatment include diose already with the d^mkr as well as those in vdnch 
die disorder is to be prevented. In tumor (e.jg. cancer) treatment, a therapeutic i^ent may directly decrease the 
pathology of tumor cells, or render die tumor cells more suscqptible to treatment by other tlicnq)eutic agents^ e.g. 
radiation and/or chemotherapy. 

The ''pathology^ of cancer includes all phenomena that compromise the well-being of the patient This 
inchides, without limitation, abnormal or uncontrollable cell growth, metastasis, interference with the normal 
functioning of neighboring cells, release of cytokines or other secretory products at abnc»mal levels, suppression or 
aggravation of inflammatory or immunological response, etc. 

''Mammal** for purposes of treatment refers to any animal classified as a maimnal, including humans, 
domestic and farm animalR^ and zoo, s^xxrts, or pet animals, such as dogs, horses, cats, cows, etc Preferably, the 
iwamTnal is human. 

**Carriers'* as used herein include pharmaceutically acceptable carriers, excipients, or stabilizers v/inch are 
nontoxic, to the cell or manunal being eiqposed thereto at the dosages and concentrations employed. Often the 
physiologically acceptable carrier is an aqueous pH buffered solution. £xanq>]es of physiologically acceptable 
carriers include buffers such as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low 
molecular weight (less than about 10 residues) polypeptide; proteins, such as serum albumin, gelatin, or 
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unmunoglobulins; hydrof^ilic polymers such as polyvinylpyrrolidQne; amino acids sudi as glycine, glutamine, 
asparagine» argtnine or lysine; monosaccharides, disaccharides, and other carbohydrates including ghicose, mannose, 
or dextrins; chelating agents such as EDTA; sugar alcohols such as mamiitol or sorbitol; salt-forming counterions 
such as sodium; and/or nonionic surfactants such as TWEEI^, polyethylene glycol (PEG), and PLURONICS™. 

Administration "in combination with" one or more further thenq)eutic agents includes simultaneous 
(concurrent) and consecutive administration in any order. 

The term **cytotoxic agent" as used herein refers to a substance that inhibits or prevents the function of cells 
and/(H- causes destruction of cells. The term is intended to inchide radioactive isotc^^es (e,g, I"*, T^, and Re***), 
chemOther^utic agents, and toxins such as enzymatically active toxins of bacterial, fimgal, plant or animal origin, 
or fragments thereof 

A "chemotherapeutic agent" is a chemical compound useful in the treatment of cancer. Exanq>les of 
cbemotherq)eutic agents inchide adriamycin» doxorubicin, epinibicin, S-fhiorouFacil, cytosine arabinoside ("Ara^), 
cyclopho^hamide, thiotq)a, busulfan, cytoxin, taxoids, eg. paclitaxel (Taxol, Bristol-Myers Squibb Oncology, 
Princeton, NJ), and doxetaxel (Taxotere, Rhdne-Poulenc Rorer, Antony, Rnace), toxotere, mediotrexate, ci^latin» 
yiM*iphalati^ Vinblastine, bleomycin, etoposide, ifosfamide, mitomycin C, mitoxantrone, vincristine, vinorelbine, 
caiboplatin, teniposide, daunomydn, carminomycin, aminopterin, dactinomycin, mitomycins, esperamidns (see U.S. 
Pat No. 4,675,1 87), melphalan and other related nitrogen mustards. Also included in this definition are hormonal 
agents that act to regulate or inhibit hormone action on tumois such as tamoxifen and onapristone. 

A "growth inhibitory agent" when used herein refers to a coa^x>und or composition which inhibits growth 
of a cell, especially cancer cell overexpressing any of the genes identified herein, either in vitro or in vivo. Thus, the 
growth inhibitoiy agent is one wtdch significantly reduces the percentage of cells overe^qpressing such goies in S 
phase of die cell cycle. Examples of growth inhibitoiy agents include agents that block cell cycle progression (at a 
place odier than S phase), such as agents diat induce Gl arrest and M-]diase arrest Classical M-]^iase blockers 
include die vincas (vincristine and vinblastine), taxol, and topo n inhibitors such as doxorubicin, q)irubicin, 
daunc»ubicin,eloposide, and bleomycin. Those agents that anestGl also spill over into S-phase arrest, for example, 
DNA all^latixig agents such as tamoxifen, prednisone, dacaibasdne, mechlorethamine, ci^latin, methotrexate, 5* 
fhioiouracil, and ara-C. Further information can be found in The Molecular Basis of Cancer^ Mendelsohn and Israel, 
eds.. Chapter 1, entided "Cell cycle regulation, oncogens, and antineoplastic drugs" by Murakami et al, (WB 
Saunders: Philadelphia, 1995), especially p. 13. 

"Doxorabicin" is an athracycline antibiotic. The full chemical name of doxorubicin is (8S-cis)-10-[(3- 
amino-23,6-trideoxy-^-L^lyxo-hexapyTanosyl)oxy]-7,8,9,10-tetiahydro-6,8,ll-trihy^ 
methoxy-5,1 2-naphthacenedione. 

The tenn "cytddne" is a generic tenn for proteins released by one cell population which act on another cell 
as intercellular mediators. Examples of such cytokines are lympholdnes, monddnes, and traditional polypq>dde 
honnones. Included among the cytokines are growth hormone such as human growth hormone, N-methionyl human 
growdi hormone, and bovine growdi hormone; paradiyroid honnone; thyroxine; insulin; proinsulin; relaxin; 
profdaxin; glycoprotein hormones such as foDicle sdnnilating hormone (FSH), thyroid stimulating hormone (TSH), 
and hiteinizing honnone (LH); hepadc growth fector; fibroblast growdi ^tor; prolactin; placental lactogen; tumor 
necrosis factor-a and -P; muUerian-inhibitiiig substance; mouse gonadotn^in-associated peptide; inhibin; activin; 
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vascular endothelial growth factor; integrin; thrombopoi^ (TPO); nerve growtib fectors such as NGF-P; platelet- 
growth factor, traiisfonnmg growth fectors (TGFs) such as TGF-a and TGF-p; insulin-likc growth fector-I and -H; 
erythropoietin (EPO); osteoinductive fectofs; interferons such as interferon-a, -p, and -y; colony stimulating &ctors 
(CSFs) such as macrojAage-CSF (M-CSF); granulocyte-macrc^hage-CSF (GM-CSF); and granulocyte-CSF (G- 
CSF); interleukins (BLs) such as IH, Il^la. IL-2, IL-3, IL-4. IL-5, IL-6, 11^7, IL-8. 11^9, IL-1 1, IL-12; a tumor 
necrosis factor such as TNF-a or TNF-P; and other polypeptide fectors including UF and Idt ligand (KL). As used 
herein, the term cytokine includes proteins from natural sources or from recomhinant cell culture and biologically 
active equivalents of the native sequence cytokines. 

As used herein, the terms a •'CT-r polypeptide is used to refer to a polypq>tide comprising a native 
sequence polypqjtide having the same amino acid sequence as a corresponding CT-1 polypq>tide derived fifom 
nature, and fragments of such native sequence polypeptides. Sudx native sequence CT-lpolypeptides can be isolated 
from nature or, along with the req)ective fragments, can be produced by recombinant and/or synthetic means. The 
term specifically encompasses natuially-^sccunring truncated or secreted forms (c^., an extracelhilar donmin 
sequence), naturally-^>ccuning variant fonns(e.g.. altC3nativclyq>hced forms) and naturally-occuning allelic varia^ 
of the CT-1 polypeptide. In one embodiment of Ae invention, fee native sequence CT-1 is a fiiU-length native 
presequenceoramaturc fonnofaCT-l polypeptide shown in Figure 1 (SEQIDN0:3). Fragments of the respective 
native polypeptides herein inchide, but are not limited to, polypeptide variants from which the native N-tenninal 
signal sequoice has been fiilly or partially deleted or replaced by another sequence, and extraceDular domains of the 
respective native sequences, regardless whether such truncated (secreted) forms occur in nature. 

An "isolated" nucleic acid molecule encoding a CT-1 polypq>tide is a nucleic acid molecule that is 
identified and separated from at least one contaminant nucleic acid molecule with which it is ordinarily associated 
in Ae natural source of the CT-l-cncodii« nucleic add. An isolated CT-l-encoding nucleic add molecule is odicr 
than in the fOTmw setting in ydiich it is foimd innate Isolated nuddc acid molecules Aereforc arc distinguished 
from the CT-l-cncoding nucleic add molecule as it exists in natural cells. However, an isolated nucldc acid 
molecule encoding a CT-1 polypeptide inchides nucleic add molecules contained in cells that ordinarily express CT- 
1, \id)ere, for example, the nucleic add molecule is in a diRMnosomal location different fixMn that of natural cells. 

The temi "control sequences" refers to DNA sequences necessary for the expression of an operably linked 
coding sequence in a particular host Ofganism. TTie conttol sequences that are suitable for prokaiyotes, for example, 
mchide a promoter, optionally an operator sequence, and a ribosome binding site. Eukaryotic cells arc known to 
utilize promoters, polyadoiylation signals, and enhancers. 

Nucldc acid is "opoably linked" when it is placed into a fimctional relationship with another nucldc acid 
sequence. For example, DNA for a presequence or secretoiy leader is operably linked to DNA for a polypepti& if 
it is expressed as a preprotein that participates in the secretion of the polypq)tide; a promoter or enhancer is operably 
linked to a coding sequence if it affects the transcription of the sequence; or a ribosome binding site is operably 
linked to a coding sequence if it is positioned so as to facilitate translation. Generally, '•operably linked" means that 
the DNA sequences being linked are contiguous, and, in the case of a secretory leader, contiguous and in reading 
phase. However, enhancers do not have to be contiguous. Linking is accomplished by ligation at convenient 
restriction sites. If such sites do not exist, the synthetic oligonucleotide adaptors or linkers arc used in acoxdance 
widi conventional practice. 



t. 
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"Stringency" of hybridization reactions is readily detenninable by one of oidinaiy skill in the art, and 
gencraUy is an empirical calculation dq)cndent»qxmiOT I» 
general, longer probes require higher temperatures for proper annealing, while shorter probes need lower 
tenq>eratures. Hybridization generally depends on the ability of denatured DNA to reanncal when complementary 

5 strands are present in an environment below tf«arniching tempera The higher Ae degree of desired homology 

between the probe and hybridizable secpicnce, the higher the relative tcmperatore which can be used. As a result, 
it follows tfiat higher relative temperatures would tend to make the reaction conditions more stringent, while lower 
temperatures less so. For additional details and explanation of stringency of hybridization reactions, see Ausubel 
et al„ Cl^ T^* Pmtoc^ h f ^ Mnlftciilar Bioloytf. Wiley Intersciencc Pubhshers, (1995). 

30 "Stringent conditions" or "high stringency conditions", as defined herein, may be identified by diose that 

(1) employ low ionic strength and high temperature for washing, for example 0.015 M sodmm chloride/0.0015 M 
sodium citrate/0.1% sodium dodecyl sulfetc at 50**C; (2) employ during hybridizatiOT a denaturing agent, such as 
formamidc, for example, 50% (v/v) foimamide witti 0.1% bovine seium aIbumin/0.1% Ficoll/0.1% 
polyvinylpyirolidone/50mM sodium phosphate buffer at 6.5 with 750 mM sodium diloride, 75 mM sodium 

1 5 citrate at 42"C; or (3) employ 50% fonnamide, 5 x SSC (0.75 M NaCl, 0.075 M sodium citrate), 50 mM sodium 

phoq^iate 0>H 6.8), 0. 1% sodium pyrophoq[>hatc, 5 x Doihardt^s sohitioo, sonicated salmon ^jcnn DNA (50 ^g/ml), 
0.1% SDS, and 10% dextran siilfete at 42*C, with washes at 42*^0 in 0.2 x SSC (sodmm chloride/sodium citrate) and 
50% fonnamidc at 55'^C. followed by a high-stiingency wash consisting of 0.1 x SSC containing EDTA at 55"C. 

"Moderately stringent conditions" may be identified as described by Sambrook ei al., Molf^ulaT Clon i nR : 

20 ATrf^>^"'tf>rvManual> New Yoric Cold Spring Haibor Press. 1989, and include the use of washing sohition and 

hybridization conditions (e.g., temperature, ionic strengdi and % SDS) less stringent than those described above. 
An example of moderately stringent conditiwis is overnight incubation at 37''C in a solution comprising: 20% 
foimamide. 5 x SSC (150 mMNaCl, 15 niM trisodium citrate), 50 mM sodium pho^tc (pH 7.6), 5 xDenhanU*s 
sohition, 1 0% dextran sulfate, and 20 mg/mL denatured sheared sabnon ^xam DNA. fdlowcd by washing the fihers 

25 inlxSSCatabout37-50'C. The skilled artisan wiD recognize how to a^ust the ten^pcrature, io^^ 

as necessaiy to accommodate Actors such as pfcbe length and the like. 

The teim "e|Mtope l^ged** when used herein refers to a chimeric polypq>tide conq)rising a CT- 1 polypqrtide 
fused to a "tag polypeptide". The tag polypeptide has enough residues to provide an epitope against which an 
antibody can be made, yet is short enough such that it does not interfere with activity of the polypeptide to which 

30 itisfused The tag polypq)tide preferably also is feiriy unique so that the anblx)^ 

with other epitopes. Suitable tag polypeptides generally have at least six amino acid residues and usually between 
about 8 and 50 amino acid residues (preferably, betweoi about 10 and 20 amino acid residues). 

"Active" or "activity" in the context of molecules identified based upon the CT-1 polypq;>tides (or their 
coding sequences) refers to polypeptides (e.g. antibodies) or oiganic or inorganic small molecules, peptide etc. 

35 which retain die biological and/or immunological activities/properUes of a native or naturally-occurring CT-1 . 

"Biological activity^ in die context of an antibody or another molecule that can be identified by the 
screening assays disclosed herein (e.g. an oiganic or inoiganic small molecule, peptide, etc.) is used to refer to the 
abiKty of such molecules to bind or complex with the polypeptides encoded by the amplified genes identified herein. 
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or otherwise interfere witfi the interaction of the encoded polypeptides with other ceUular proteins. A preferred 
biological activity is growth inhibition of a taiget tumor cdl. Another preferred biological activity is cytotoxic 
activity resulting in the death of the target tumor celL 

The phrase "immunological property** means immunological cross-reactivity with at least one epitope of 
5 a CT-1 polypeptide. 

"Immunological cross-reactivity** as used herein means that the candidate polypeptide is capable of 
competitivdy inhibiting the qualitative biological activity of a CT-1 polypeptide having this activity with polyclonal 
antiseia raised against the known active CT-1 polypeptide. Such antisera are prepared in conv^tional feshion by 
injecting goats or rabbits, for example, subcutaneously with the known active analogue in complete Freund's 

10 adjuvant, followed by booster intraperitoneal or subcutaneous injection in incomplete Freunds. The immunological 

cross-reactivity preferably is "spedfic", vMch means fliat the binding afBnity of the immunologically ooss-reactive 
molecule (e.g. antibody) identified, to the correspondiflg CT-1 polypq>tide is significantly higher (preferably at least 
about 2-times, mote preferably at least about 4-times, even more preferably at least about 8-times, most preferably 
at least about g-times higher) than tbt binding affinity of that molecule to any other known native polypeptide. 

] 5 The tenn "antagonist** is used in iht broadest sense, aiid includes any molecule that partially or fiilly bkxks, 

inhibits, or neutralizes a biological activity of a native CT-1 polypeptide disclosed herein. In a similar manner, the 
terai "agonist" is used in the broadest sense and includes any molecule that mimics a biological activity of a native 
CT-l polypeptide disclosed herein. Suitable agonist or antagonist molecules q>ecifically include agonist or 
antagonist antibodies or antibody firagments, fiagments or amino acid sequence variants of native polypeptides, 

20 pq>tides, small organic molecules, etc. 

A "small molecule" is defined herein to have a molecular weight below about 500 daltons. 
"Antibodies" (Abs) and "immunoglobulins" (Igs) are glycoproteins having the same structural 
characteristics. While antibodies exhibit binding specificity to a specific antigen, immunoglobulins hichide both 
antil>odies and odier antibody-like molecules \i^iidi lack antigen specificity. Polypeptides of die latter kind are, for 

25 example, produced at low levels by the lynq)h system and at increased levels by myelomas. The tenn "antibody" 

is used in die broadest sense and q)ecifically covers, without limitation, intact monockmal antibodies, polyclonal 
antibodies, multiq)ecific antibodies (eg. bispecific antibodies) formed fiom at least two intact antibodies, and 
antibody fiagments so long as they exhibit the desired biological activity. 

'T'^ative antibodies" and "native immunoglobulins" are usually heterotetrameric glycoproteins of about 

30 150,000 daltons, ccwnposed of two identical light (L) chains and two identical heavy (H) chains. Each light chain 

is linked to a heavy chain by one covalent disulfide bond, \^iiile the number of disulfide linkages varies among the 
heavy chains of different immunoglobulin isotypes. Each heavy and light chain also has regularly spaced intrachain 
disulfide brieves. Each heavy chain has at one end a variable domain (Vh) followed by a number of constant 
domains. Each tight chain has a variable domain at <me end (VJ and a constant domain at its od» 

35 domain of the light chain is aligned widi the first constant domain of the heavy chain, and the light-chain variable 

domain is aligned with the variable domain of the heavy chain. Particular amino acid residues are believed to forai 
an interface b^ween the light- and heavy-chain variable domains. 

The term "variable" refers to the fact that certain portions of the variable domains differ extensively in 
sequence among antibodies and are used in the binding and specificity of each particular antibody for its particular 



-9- 



wo 00/43790 



PCT/USOO/01441 



antigen. However, the variability is not evenly distributed throughout the variable domains of antibodies. It is 
concentrated in three segments called complementarity-detennining regions (CDRs) or faypervariable regions both 
in the light-chain and the heavy-chain variable domains. The more highly ccmserved portions of variable domains 
axe called the framewoik (FR). The variable domains of native heavy and light diains each comprise four FR 
regions, largely adopting a (V-sheet configuration, connected by three CDRs, which fonn loops connecting, and in 
some cases forming part of, the ^-sheet structure. The CDRs in each chain are held together in close proximity by 
the FR regions and, with the CDRs from the other chain, contribute to the formation of the antigen-binding site of 
antibodies (see Rabat et al., NIHPubl. No,91'3242, Vol. I, pages 647-669 (1991)). The constant domains arc not 
involved directiy in binding an antibody to an antigen, but exhibit various effector functions, such as participation 
of the antibody in antibody-dependent celhilar toxicity, 

**Antibody fragments'* comprise a portion of an mtact antibody, preferably the antigen binding or variable 
region of the intact antibody. Examples of antibody fragments include Fab, Fab', F(ab*)2, and Fv fragments; 
diabodies; linear antibodies (Z^ta er a/. , Protein Eng. S(]0): 1057-1062 [1995]); single-chain antibody molecules; 
and multiqpecific antibodies formed from antibody fragments. 

Papain digestion of antibodies produces two identical antigen-binding fragments, called Tab" fragments, 
each with a single antigen-binding site, and a residual Tc" fragment, whose name reflects its abOity to crystallize 
readily. Pepsin treatment yields an F(ab')2 fragment tiiat has two antigoa-combining sites and is still capable of cross- 
linking antigen. 

"Fv" is the minimum antibody fragment which contains a complete antigen-recognition and -binding site. 
This region consists of a dimer of (Hie heavy- and one light-chain variable domain in tight, non-covalent association. 
It is in this configuration that the three CDRs of each variable domain interact to define an antigen-binding site on 
the surface of the Vyc^i, dimer. Collectively, the ^ CDRs confer antigen-buading specificity to the antibody. 
However, even a single variable domain (or half of an Fv comprising only three CDRs q)ecific for an antigen) has 
the ability to recognize and bind antigen, ahhougih at a lower affinity than the entire Innding site. 

Hie Fab fifagment also contains the constant domain of the Ught chain and the first constant domain (CHI) 
of the heavy chain. Fab fragments differ firom Fab fragments by the addition of a few residues at the caiboxy 
temiinus of the heavy chain CHI domain including cm& or more cysteines from the antibody hinge region. Fab'^SH 
is the designation herein for Fab* in wiiich the cysteine re$idue(s) of the constant domains bear a free thiol group. 
F(ab')2 antibody fragments originally were produced as pairs of Fab* fragments which have hipge cysteines between 
them. Other chemical couplings of antibody fragments are also known. ' 

The "light chains" of antibodies (immunoglobulins) from any vertd>rate q?ecies can be assigned to one of 
two clearly distinct types, called k^ypa (k) and lambda (X), based on the amino acid sequences of their constant 
domains. 

Depending cm the amino add sequence of tibe constant domain of fheir heavy chains, inununpglobulinscan 
be assigned to different classes. There are five major classes of immunoglobulins: IgA, IgD, IgE, IgG, and IgM, and 
several of tese may be further divided into subclasses (isotypes),e.^.. IgGl,IgG2,lgG3,IgG4,IgA,andIgA2. The 
heavy^faain constant domains that oorre^pcmd to the different classes of immunoglobulins are called a, 6, €, y , and 
^, respectively. The subunit structures and three-dimensional configurations of different classes of immunoglobulins 
are well known. 
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The term **inQnoclcma] antibody" as used herein refers to an antibody obtained firom a population of 
substantially homogeneous antibodies, Le., the individual antibodies comprising the population are identical excq>t 
for possible naturally occurring mutations that may be present in minor amounts. Monoclonal antibodies are highly 
q)ecific» being directed against a single antigenic site. Furthemiore, in ccmtrast to conventional (polyclonal) antibody 
prq)arations which typically include different antibodies directed against different determinants (epitopes), each 
monoclonal antibody is directed against a single determinant on the antigen. In addition to their specificity, the 
monoclonal antibodies are advantageous in that they are synthesized by the hybridoma culture, uncontaminated by 
oflier immunoglobulins. The modifier "monoclonal" indicates the character of the antibody as being obtained firom 
a substantially homogeneous population of antibodies, and is not to be construed as requiring production of the 
antibody by any particular method. For example, the monoclonal antibodies to be used in accordance with the 
present invention may be made by the hybridoma method first described by Kohler a!., Nature, 256:495 [1975], 
or may be made by recombinant DNA me&ods (sec, e.g^ U.S. Patent No. 4,8 1 6,567). The "monoclonal antibodies'* 
may also be isolated from phage antibody libraries using the techniques described in Cladcson et al.. Nature, 
352:624-628 [1991] and Marks el a/., J. Mol. Bioi:, 222:581-597 (1991), for example. 

The monoclonal antibodies herein ^)ecifically inchide "chimeric** antibodies (immunoglobulins) in which 
a poition of the heavy and/OT light chain is identical with or hcmiologous to corresponding sequences in antibodies 
derived from a particular species or beloiiging to a particular antibody class or subclass, while ttie remainder of the 
cliaiii(s) is identical with or homologous to conrespoiKiing sequences in antibodies derived fix)m another species or 
belonging to another antibody class or subclass, as well as fragments of such antibodies, so long as they exhibit the 
desired biological activity (U.S. Patent No. 4,816,567; Morrison et al, Proc, Natl. Acad, ScL USA, £1:6851-6855 
[1984]). 

"Humanized" forms of non-human {e.g^ murine) antibodies are chimeric immunoglobulins, 
immunogldbulin chains or firagments diereof (such as Fv, Fab, Fab*, F(ab*)2 or other antigen-binding subsequences 
of antibodies) which contain sequence derived firom non-hiunan inununoglobulin. For the most part, 

humanized antibodies are human immunoglobulins (recq>ient antibody) in which residues from a CDR of die 
recipient are replaced by residues fitxn a CDR of a non-human species (donor antibody) such as noouse, rat or rabbit 
having the desired specificity, affinity, and capacity. In some instances, Fv FR residues of the human 
hmnunoglobulin are replaced by corresponding nor>>human residues. Furthermore, humanized antibodies may 
comprise residues which are found neither in the recipient antibody rK>r in the imported CDR or firamework 
sequences. These modifications are made to fiirAer refirse and maximize antibody performance. In general, the 
humanized antiTx)dy will conqjrise substantially all of at least one, and typically two, variable domains, in which all 
or substantially all of the CDR regions cotie^XMod to those of a non-human immunoglobulin and all <»r substantially 
aUoftbeFRi^ons are those of a human inununoglobulin sequence. The humanized antibocfy optimally also will 
ccHuprise at least a portion of an immunoglobulin constant n^on (Fc), typically that of a human inununoglobulin. 
For fiirther details, see Jones et id,. Nature- 321 :522-525 (1986); Rdchmann et al. Nature, 332323-329 [1988J; and 
Presta, Cnrr Op- Stmct Biol.. 2:593-596 (1992). The humanized antibody includes a PRIMATlZED™antibody 
v^ierein the antigen-bindir^ region of the antibody is derived from an antibody produced by immuni zi n g naacaque 
monkeys with die antigen of interest. 
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"Single-chain Fv" or "sFv" antibody fragments conapnse the V„ and VLdomams ot antibody, wHeiein these 
domains are present in a single polypeptide chain. Preferably, the Fv polypeptide further comprises a polypeptide 
linker betweai the V„ and Vl domains which enables tfie sFv to form the desired structure for antigen binding. For 
a review of sFv see Phickthun in The Pharmacology of Monoclonal Antibodies^ vol. 113, Rosenbuig and Moore eds., 
Springer-Veriag, New Yoric. pp. 269-315 (1994). 

The term '^diabodies" refers to small antibody fiagments with two antigen-binding sites, which fragmoils 
comprise a heavy-<;hain variable domain (Vh) connected to a ligjit-chain variable domain^CV ) in tte same 
polypeptide diain(VH-V J. By using a tinker fliat is too diort to aUow pairing between the two dom^ 
chain, the domains are forced to pair with die complementary domains of another chain and create two antigen- 
binding sites. Diabodies are described more fully in, for example, £P 404,097; WO 93/1 1161; and Hollinger et al., 
Ptnc Natl. AcaA ScL USA. 90 :6444-6448 (1993). 

An "isolated" antibody is one which has been identified and separated and/or recovered fix>m a component 
of its natural environment Contaminant con^xmeats of its natural envircmment are materials which would interfere 
with diagnostic or therapeutic uses for the antibody, and may include enzymes, hormones, and other proteinaceous 
or nonproteinaceous solutes. In preferred embodiments, the antibody will be purified (1) to greater than 95% by 
weight of antibody as determined by die Lowiy method, and most preferably more than 99% by weight, (2) to a 
degree sufficioit to obtain at least 15 residues of N-tennina] or internal amino acid sequence by use of a ^iiiniiig 
cup sequenator, or (3) to hcmiogendty by SDS-PAGE under reducing or nonreducing conditions using Coomassie 
blue or, preferably, silver stairL Isolated antibody includes the antibody in situ within recombinant cells since at least 
one component of die antibod/s natural environment will not be, present Ordinarily, however, isolated antibody 
will be prq)ared by at least one purification stq>. 

Hie word "^label** when used herein refers to a detectable compound or composition which is conjugated 
directly or indirectly to the antibody so as to generate a "labeled" antibody. The label may be detectable by itself (e^. 
radioisotope labels or fluorescent labels) or, in the case of an enzymatic label, may catalyze chemical alteration of 
a substrate compound or composition which is detectable. 

By "solid phase" is meant a non-aqueous matrix to which the antibody of the present invention can adhere. 
Examples of solid phases encompassed herein include those fonx^ partiaUy or entirely of glass (e.g., controlled pore 
glass), polysaccharides (e.g., agarose), polyacrylamides, polystyrene, polyvinyl alcohol and silicones. In certain 
embodimeiits, depending on the context, the solid phase can com|xise the well of an assay plate; in others it is a 
purification column (e,g., an a£5nity dnomatograi^ column). This terin also includes a discontinuous solid phase 
of discrete particles, such as those described in U.S. Patent No. 4,275,149. 

A "lipos(»ne** is a smaU vesicle composed of various types of lipids, phospholq>ids and/or sur&ctant ^lidi 
is useful for delivery of a drag (such as an CF-l polypeptide or an antibody thereto and, optionaUy, a 
chemotherapeutic agent) to a mammal. The compoiKmts of the liposome are commonly- arranged in a bilayer 
formation, similar to the lipid arrangement of biological membranes. 

As used herein, the term "immunoadhesin" designates antibody-like molecules which combine the binding 
specificity of a hetat>logou$ protein (an "adhesin") with tl^ effector functions of immunoglobulin constant domains. 
Structurally, the immunoadhesins comprise a fusion of an amino acid sequence with the desired binding specificity 
which is other than the antigen recognition and binding site of an antibody (i.e., is "heterologous"), and an 



-12- 



wo 00/43790 



PCTAJSOO/01441 



imiminQglobului constant domain sequence. The adhesin part of an immunoadhesin molecule typically is a 
contiguous amino, acid sequeiKe comprising at least the binding site of a receptor or a ligand. The inmumoglobulin 
constant domain sequence in the immunoadhesin may be obtained from any immunoglobulin, such as IgG-1, IgG-2, 
IgG"3, or lgG-4 subtypes, IgA (including IgA-1 and IgA-2), IgE, IgD or IgM. 
5 n. rom position s and Methods of the Invention 

1. PreparatiQa of the CT-1 polypeptides 

The present invention provides methods for using DNA58125 encoding CT-1 for the production of 
compounds inhibiting neq)lastic growth as weU as for the preparation of screening me&ods for identifying growdi 
inhibitoiy compounds (e.g. tumor compounds). In particular, dDNAs encoding certain CT-l polypqptides. For the 

10 sake of simplicity, in the present specification tibeproteinseDCodedby nudeic acid referred to as DNA58 125", as 

well as all further native homologues and variants iiKhlded in the foregoing definition of CT-1 polypeptide, will be 
referred to as *'CT- 1 " polypq>tide, regardless of Ifaeir origin or mode of expression. 

The description below idates primarily to production of CT-1 polypeptides by cuhuring cells transformed 
or transfected with a vector ccmtaining CT-l-encodir^ nucleic add. It is, of course, contemplated that alternative 

1 5 methods, which are well known in the art, may be employed to prepare CT-l polypeptides. For instance, the CT-1 

polypeptide sequence, or portions thereof, may be produced by direct pq>tide synthesis using solid-phase techniques 
[see, e.g,y Stewart et al., 5?olid-Phase Peptide Svnthesis . WH. Freeman Co., San Francisco, CA (1969); Merrifield, 
)^ Am. Chem. Soc. . S5:2149-2154 (1963)]. In vitro protein synthesis may be performed using manual techniques 
or by automation. Automated synthesis may be accomplished, for instance, using an Applied Biosystems Peptide 

20 Synthesizer (Foster City, CA) using manu&cturcf's instructions. Various portions of the CT7I polypq>tide may be 

chemically synthesized sqiarately and combined using chemical or icn^matic methods to produce the full-length 
CT-1. 

L Synthesis or I solation of DNA Encodinp a CT-1 polvpeptide. 

DN A encodirig CT- 1 , homologues, variants; or porticHis thereof, may be produced by direct DNA synthesis 

25 using standard nucldc acid syndietic techniques [see, e.g.. Gait, M J., Oligonucleotide Synthesis, BRL Press, Oxfcm), 

1984]. In vitro DNA synthesis may be performed using manual techniques or by automation. Automated 
oliogonucleotide synthesis may be accomplished, for instance, using standard techniques. Various portions of the 
CT-1 -encoding nucleic acid sequence may be chemically synthesized sq>arately and combined using chemical or 
enzymatic methods to produce the full-length CT- 1-eiKoding sequence. 

30 Alternatively, DNA mcoding CT-1 may be obtained fiom a cDNA library prepared fiom tissue believed 

to possess the CT-1 mRNA and to express it at a detectable leveL Accordingly, human CT-1 DNA can be 
conveniently obtained from a cDNA library prqmred from human tissue, such as described in tfie Examples. Tbe 
CT-1 -encoding gene may also be obtained from a genomic library or by oligonucleotide synthesis. 

Libraries can be screened with probes (such as antibodies to the CT-1 polypeptide, or oligonucleotides of 

35 at least about 20-80 bases) designed to identify the gene of interest or the protein encoded by it Screening the cDNA 

(H- genomic library with the sdected probe may be conducted using standard procedures, such as described in 
Sambrook et al., Molecular nnning: A Lab oratory Manual (New Yoric: Cold Spring Harbor Laboratory Press, 1989). 
An alternative means to isolate the gene encoding CT-1 is to use PCR methodology [Sambrook et al., Siq>ra; 
Dieffenbach et al., pCR Primen A ^ ^Horatmv Manual (Cold Spring Harbor Laboratory Press, 1995)]. 
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The Examples below describe techniques for screenii^ a cDNA library. The oligonucleotide sequences 
selected as probes should be of sufRcient lengdi and sufficiently unambiguous that false positives are mmimized. 
The oligonucleotide is preferably labeled sudi that it can be detected upon hybridization to DNA in tiie library being 
screened. Methods of labeling are well known in the art, and inchide die use of radiolabels like ^-labeled ATP, 
biotinylatioii or enzyme labeling. Hybridization conditions, including moderate striiigency and high stringency, are 
provided in Sambrook et al., sigjra. 

Sequences identified in such library screening methods can be compared and aligned to other known 
sequences deposited and available in public databases such as GenBank or other private sequence databases. 
Sequence identity (at either the amino acid or nucleotide level) within defined regions of the molecule or across the 
full-length sequence can be determined through sequence alignment using computer software programs such as 
ALIGN, DNAstar, and INHERFr whidi employ various algorithms to measure homology. 

Nucleic acid having protein coding sequence may be obtained by screeniiig selected cDNA or genomic 
libraries usiiig the deduced amino acid sequence disclosed herein for the first time, and, if necessaiy, using 
conventiona] primer extension procedures as described in Sambrook et aL, supra^ to detect precursors and processing 
intermediates of mRNA that may not have been reverse-transcribed into cDNA. 

iL SelectiCTi Scnf \ TranQfofmation of Host Cells 

Host cells are transfected or transformed with expression or cloning vectors described herein for CT-1 
production and cultured in conventional nutrient media modified as appropriate for inducing promoters, selecting 
transfoimants, or amplifying the genes encoding the desired sequences. The culture conditions, such as media, 
temperature pH and the like, can be selected by the skilled artisan without undue experimentation, hi general, 
principles, protocols, and practical techniques for maximizing the productivity of cell cultures can be found in 
Mflmfnalian Cd lttWechfiolQyv: a Practical Apomach. M. Butler, ed. (IRL Press, 1991) and Sambrook et aL, 5i4pra. 

Methods of transfection are known to the ordinarily skilled artisan, for exan^le, CaP04 and electropcxatiooL 
Dq)ending on the host cell used, transformation is performed using standard techniques appropriate to such cdls. 
The calcium treatment employiiig calcium chloride, as described in Samlm>ok et al., supra, or electrpporation is 
generally used fw-prokaiyotes or other cells that contain substantial ccU-wallba^ infection vn±Agwbacterium 
tumefaciens is used for transformation of certain plant cdls, as described by Shaw et al., Gfi&e, 21:315 (1983) and 
WO 89/05859 pubhshed 29 June 1989. For mammalian cells without such cell walls, the calchim phosphate 
precipitation method of Graham and van der Eb, Yimlogy, 52:456-457 (1978) can be employed General aspects 
of mammalian cell host system transformations have been described in U.S. Patent No. 4^99,216. Transformations 
into yeast are typically carried out according to the method of Van Solingen et al., IJ3a£L« 13Q:946 (1977) and Hsiao 
et al., Pmc. Natl. Acad. Sci. (USAl 26:3829 (1979). However, other methods for introducing DNA into cells, sudi 
as by nuclear microinjection, electroporation, bacterial protc^last fusion with intact cells, cs polycations, e.g., 
polybrcne, polyomithine, may also be used. For various techniques for transforming mammalian cells, see Keown 
et al., M'-th^^ m FnT ytnologv . 185:527-537 (1990) and Mansour et al., M^me, 336:348-352 (1988). 

Suitable host cells for cloning or expressing the DNA in the vectors herein inchide prokaryote, yeast, or 
higher eukaryote cells. Suitable prokaryotes include, but aiie not limited to, eubacteria, such as Gram-negative or 
Gram-positive organisms, for exaixQ>Ie, Enterobacteriaceae such as E. colL Various £. co/i strains are publicly 
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available, such as £:.co/iK12stranMM294(ATCC 31,446); £: co/i X1776(ATCC 31 ^37); JS: co/i strain W3 110 
(ATCC 27.325) and K5 772 (ATCX: 53,635). 

In addition to prokaxyotes, eukaiyotic microbes such as filamentous fungi or yeast are suitable cloning or 
expression hosts for CT-l-cncoding vectors. Saccharomyces cerevisiae is a commonly used lower eukaiyotic host 
microoiganism. 

Suitable host cells for the expression of glycosylated CT-1 are derived from multicellular organisms. 
Examples of invert^te cells include insect cells such as Drosophila S2 and Spodoptaa SB, as well as plant cells. 
Examples of useful mammalian host ceD hnes include Chinese hamster ovary (CHO) and COS cells. More specific 
examples include monkey kidney CVl line transformed by SV40 (COS-7, ATCC CRL 1651); human embryonic 
kidney line (293 or 293 cells subcloned for growth in suspension culture, Graham ct aL, J, Gen YiroL, 3fi:59 (1 977)); 
Chinese hamster ovary ceUs/-DHFR (CHO, Uriaub and Oiasin, PrOT Natl. Acad ScL USA, 22:4216 (1980)); mouse 
Sertoli cells Mather, BioL Reprod. . 21:243-251 (1980)); human hmg cells (W138, ATCC CCL 75); human 
liver cells (Hep G2, HB 8065); and mouse mammaiy tumor (MMT 060562, ATCC CCL51). The selection of the 
appropriate host cell is deemed to be within the skill in the art 

iii Selection and Use of a Replicablc Vector 

The nucleic acid (eg., cDNA cm- genomic DNA) encoding CT-1 may be inserted into a rqplicable vector for 
cloning (amplification oftbeDNA) or for expression. Various vectors are publicly available. The vector may, for 
example, be in the form of a plasmid, cosmid, viral particle, or phage. The appropriate nucleic acid sequence may 
be inserted into the vector by a variety of procedures. In general, DNA is inserted into an appropriate restriction 
endonuclease site(s) using techniques known in the art Vector components generally include, but are not limited 
to, one or more of a signal sequence, an origin of rq>lication, one or more marker genes, an enhancer element, a 
promoter, and a transcription tennination sequence. Constroctian of suitable vectors containing one or more of tiiese 
components employs standani ligaticHi techniques whidi are known to die skilled artisan. 

The CT-1 polypeptide may be produced recombinantly not only directly, but also as a fusion polypqitide 
with a heterologous polypq>tide, ^di may be a signal sequence or other polypq}tide having a ^)ecific cleav^e 
site at the N-tenninus of the mature protein or polypq>t]de. In general, the signal sequence may be a con^nent of 
the vectCM^, or it may be a part of the CT-l-cncoding DNA tibat is inserted into the vector. The signal sequence may 
be a prokaryotic signal sequence selected, for exan^>le, from the gnxq) of the alkaline phosphatase, p^cillmase, Ipp, 
or heat-stable enterotoxin U leaders. For yeast secretion the signal sequence may be, eg., die yeast invertase leader, 
alpha factor leader (including Saccharomyces and Kluyveromyces a-fector leaders, the latter described in U.S. Patent 
No. 5,010,182), or acid phosphatase leader, the C. albicans ghicoamylase leader (EP 362,179 published 4 .^jril 
1990), or the signal described in WO 90/13646 published 15 November 1990. In mammalian cell oqiression, 
iwinimalmn signal sequences may be used to direct secretion of the protein, such as signal sequences from secreted 
polypeptides of the same or related ^)ecies, as well as viral secretory leaders. 

Both expression and cloning vectors ccmtain a nucleic acid sequerK:e that enables the vector to replicate in 
one or more selected host cells. Such sequoices are well knownfora variety of bacteria, yeast, and viruses. The 
origin of replication from the plasmid pBR322 is suitable for most Gram-negative bacteria, the 2\i plasmid origin 
is suitable for yeast, and various viral origins (SV40, polyoma, adenovirus, VSV or BPV) are useful for cloning 
vectors in mammalian cells. 
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Expression and cloning vectors will typically contain a selection gene, also termed a selectable marker. 
Typical selection genes encode protetns that (a) confer resistaixse to antibiotics or other toxins, eg.» ampicillin, 
neomycin, methotrexate, or tetracycline, (b) complement auxotrophic deficiencies, or (c) supply critical nutrients not 
available from complex media, e.g,y the gene encoding D-alanine racemase for Bacilli. 

An example of suitable selectable markers for mammalian cells are those that enable the id^tification of 
cells competent to take up the CT-1 -encoding nucleic acid, such as DHFR or thymidine kinase. An appropriate host 
cell when wild-type DHFR is employed is the CHO cell line deficient in DHFR activity, prq>ared and propagated 
as described by Urlaub et al., Proc. Natl. Acad. Sci. USA , ZZ:4216 (1980). A suitable selection gene for use in yeast 
is the trp\ gene present in the yeast plasmid YRp7 [Stinchc<»nb et al.. Nature, 282:39 (1979); Kingsman et al., Gfins, 
2:141 (1 979); Tschemperetal.,Q0is,Ifi: 157 (1980)]. The <I7>1 gene provides a selection marker for a mutant strain 
of yeast lacking the ability to grow in tryptophan, for example, ATCC No. 44076 or PEP4-1 [Jones, Genetics, £2:12 
(1977)]. 

Expression and cloning vectors usually ccmtain a promoter operably linked to &e CT-l-encoding nucleic 
acid sequence to direct mRNA synthesis. Promoters rec()giiized by a variety of potential host ceUs are well known. 
Promoters suitable for use with prokaiyotic hosts inchide the ^-lactamase and lactose promoter systems [Chang et 
al., 'Smss^ 22^:615 (1978); Goeddel et al., UsSsas, 2S1:544 (1979)], alkaline phosphatase, a tryptophan (tip) 
prcmioter system [Goeddel, Nucleic Acids Res. . 2:4057 (1980); EP 36,776], and hybrid promoters such as the tac 
promoter [deBoer et al., Proc. NatL Acad. Sci. USA^ SQ:21-25 (1983)]. Promoters for use in bacterial systems also 
will contain a Shine-Dalgarao (S.D.) sequence qserably linked to the DNA encoding CT-1. 

Examples of suitable promoting sequences for use with yeast hosts include the promoters for 3- 
phosphoglyceratc kinase [Hitzeman et aL, J- BioL Chem. , 255:2073 (1 980)] or other glycolytic enzymes [Hess et aL, 
T Arty Fn^vme Rey.. 2:149 (1968); Holland, Biochmistry, 12:4900 (1978)], such as enolase, glyccraldchyde-3- 
phosphate dehydrogenase, hexokinase, pyruvate decarboxylase, i^osf^ofiuctokinase, gh]cose-6-phoq3hate 
isomerase, S-f^osphoglycerBte nnitase, pyruvate kinase, triosepho^hate isomerase, pho^hoghicose isomerase, and 
glucokinase. 

Other yeast promoters, which are inducible promoters having the additional advantage of transcription 
controlled by growth conditions, are the promoter regions for alcohol dehydrogenase 2, isocytochrome C, acid 
phosphatase, degradative enzymes associated with nitrogen metabolism, metallothionein, glyceraldehyde-3-phos- 
phate dehydrogenase, and enzymes responsible for maltose and galactose utilizatioiL Suitable vectors and promoters 
for use in yeast expression are further described in EP 73,657. 

CT-1 transcription from vectors in mammalian host cells is controlled, for example, by promoters obtained 
from the genomes of viruses such as polyoma virus, fowlpox virus (UK 2,21 1,504 published 5 July 1989), adenovirus 
(such as Adenovirus 2), bovine papilltnna virus, avian sarcoma virus, cytomegalovirus, a retrovirus, hepatitis-B vims 
and Simian Virus 40 (SV40), from heterologous mammalian promoters, the actin promoter or an 
immunoglobulin promoter, and from heat-shock pn>nK>ters, provided such promoters are compatible with the host 
cell systems. 

Transcription of a DNA encodirig a CT- 1 polypeptide by higher eukaryotes may be increased by inserting 
an enhancer sequence into the vector. Enhancers are cis-acting elements of DNA, usually about from 10 to 300 bp, 
that act on apromoter to increase its transcrq[)tioa Many enhancer sequences are now known from mammalian genes 



-16- 



wo 00/43790 



PCT/USOO/0144] 



(globin, elastase» albumin, a-fetoprotein, and insulin). Typically, however, one wiU use an rahancer firom a 
eukaiyotic ceU virus. Examples include the SV40 enhancer on the late side of the replication origin (bp 100-270), 
the cytomegalovirus early promoter enhance', the polyoma oihancer on the late side of die replication origin, and 
adenovinis enhancers. The enhancer may be ^ticed into the vector at a position 5^ or 3* to die CT-1 coding seque^^ 
5 but is preferably located at a site 5* from the promoter. 

Expression vectors used in eukaiyotic host cells (yeast, fungi, insect, plant, animal, human, or nucleated cells 
from other multicclhilar organisms) will also contain sequences necessary for the termination of transcription and 
for stabilizing the mRNA. Such sequences are conmaonly available from the 5' and, occasionally 3\ untranslated 
regions of eukaryotic or viral DNAs or cDNAs. These regions contain nucleotide segments transcribed as 
10 polyadenylated fragments in the untranslated portkm of die mRNA encoding CT-1. 

Still odier mediods, vectors, and host cells siiitable for adqitation to the synthesis of CT-1 in recombinant 
vertd)iate cell culture are described in Gediing et aL, Nature, 292:620-625 (1981); Mantei et aL, Nature, 2&l:40-46 
(1979); EP 1 17,060; and EP 1 17,058. 

iv. Detecting Gene Amplificarion/Fxpresaifiti 
1 5 Gene amplificatioa and/or expnession may be measured in a sample directly, for example, by conventional 

Southern blotting, Northm blotting to quantitate die transcription of mRNA fThomas, Proc. Natl. Acad. Sci. USA^ 
ZZ:5201-5205 (1980)], dot blotting (DNA analysis), or in situ hybridization, using an ^[>propiiately labeled probe, 
based on the sequences provided herein. Alternatively, antibodies may be employed that can recognize specific 
duplexes, including DNA diq^lexes, RNA duplexes, and DNA-RNA hybrid duplexes or DNA-protein duplexes. The 
20 antibodies in turn may be labeled and the assay may be carried out where the duplex is bound to a surface, so that 

upon the fonnation of di^lex on the surface, the presence of antibody bound to the duplex can be detected. 

Gene egqinession, alteniatively, may be measured by immunological mediods, such as immunohistocheniiatl 
staiiiing of cells or tissue sections and assay of ceU culture or body fhuds, to quantitate d 

product. Antibodies useful for immunohistochemical staining and/or assay of sample fluids may be eidier 
25 monoclonal or polyclonal, and may be prqsared in any mammal. Conveniently, the antibodies may be prq;>ared 

against a native sequence CT-1 polypeptide or against a synthetic peptide based on the DNA sequences provided 
herein or against exogenous sequence fused to CT-1 D^A and encoding a specific antibody epitope. 

V. Purification of Polypeptide 

Forms of CT-1 polypeptides may be recovered firom culture medium or from host cell lysates. If 
30 membrane-bound, it can be released fit>m the membrane using a suitable detergent solution {e,g, Triton-X 100) or 

by enzymatic cleavage. Cells employed in expression of CT-1 can be disrupted by various physical or chemical 
means, such as freeze-thaw cycling, soiucation, mechanical disruption, or cell lysing agents. 

It may be desired to purify CT-1 from recombinant cell proteins or polypqitides. The following procedures 
are ^emplary of suitable purification procedures: by firactionation on an i(m-exchange colunm; edianol precipitation; 
35 reverse phase HPLC; chromatography on silica or on a cation-exchange resin such as D£A£; chromatofocusing; 

SDS-PAGE; ammonium sul&te precipitation; gel filtration using, for example, Sqihadex G-75; protein A Sqiharose 
cohimns to remove oontaininants such as-IgG; and metal chelating cohimns to bind qiitope-tagged forms of the CT-1 
polypeptides. Various methods of protein purification may be employed and such methods are known in die ait and 
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descnbed for example in Deutscher, Methods in E nzvmnlogy^ }SZ (1990); Scopes, l>mtein Purification: Principles 

and Practice . Springer-Verlag, New York (1982). Hie purifiGatioo stq)(s) selected will depend, for example, on the 

nature of the production process used and the particular CT-1 polypeptide produced. 

2. Amplificadcm of Genes Encoding the CT-1 Polypeptides in Tumor 
Tissues and Cell Lines 

The present invention is based on the identificati(»i and characterization of genes which are amplified in 
certain cancer cells. 

The genome of prokaryotic and eukaiyotic organisms is subjected to two seemingly conflicting 
requirements. One is the preservation and propagation of DNA as the genetic infomiation in its original form, to 
guarantee stable inheritance through multiple generations. On the other hand, cells or oiganisms must be able to 
adapt to lasting environmental changes. The adaptive mechanisms can include qualitative or quantitative 
modifications of die genetic material Qualitative modifications inchide DNA mutations, in v^uch coding sequences 
are altered resulting in a stmcturally and/or functionally different protein. Gene amplification is a quantitative 
modification, Mtoeby the actual number of complete coding sequence, Le, agene, increases, leading to an increased 
number of available tenq>]ates for transcription, an increased numbm' of translatable transcr^ts, and, ultimately, to 
an increased abundance of the protein encoded by die amplified gene. 

The phenomenon of gene amplification and its underlying mechanisms have been investigated in vitro in 
several prokaiyotic and eukaiyotic culture systems. The best-characterized example of gene amplification involves 
the culture of eukaiyotic cells in mediimi containing variable concentrations of the cytotoxic drug methotrexate 
(MTX)' MTX is a folic acid analogue and interferes with DNA synthesis by blocking the enzyme dihydrofolate 
reductase (DHFR). During the initial exposure to low concoilrations of MTX most cells (>99.9%) wiU Asmall 
number of cells survive, and are capable of growing in increasing concentrations of MTX by producipg large 
amounts of DHFR-RNA and protda The basis ofdiisoveiprocfaiction is die amplification ofdiesipgle DHFR gene. 
The additional copies of the gene are found as extrachromoscHnal copies in die form of small, sapcmxaaacmy 
chromosomes (double minutes) or as integrated chromosomal copies^. 

Gene amplification is most ccmimonly encountered in die development of resistance to. cytotoxic drugs 
(antibiotics for bacteria and chemotherapeutic agents for eukaiyotic cells) and neoplastic transformation. 
Transformation of a eukaiyotic cell as a spontaneous event or due to a viral or chemical/oivironmental insult is 
typically associated with changes in the genetic material of that cell. One of the most common genetic changes 
observed in human malignancies are mutations of the p53 protein. p53 controls the transition of cells fipom the 
stationaiy (Gl) to the replicative (S) phase of the cell cycle and prevents this transition in the presence of DNA 
damage. In other words, one of the main consequences of disabling p53 mutations is the accumulation and 
propagation of DNA damage, le. genetic changes. Common types of genetic changes in neoplastic cells are, in 
addition to point mutations, amplifications and gross, structural alterations, such as translocations. 

The amplification of DNA sequences may indicate spiscific functicmal requirement as ilhistrated in the 
DHFR experimental system. Therefore, the amplification of obtain oncogenes in malignancies points toward a 
causative role of these genes in the process of malignant transfonnati<m and maintenance of the transformed 
phenotype. This hypothesis has gained siqiport in recent studies. Fot example, die protein was found to be 
amplified in certain types of non-Hodgkin*s lymphoma. This protein inhibits apoptosis and leads to the progressive 
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accumulation of iieq)lastic cells* Membeis of the gene family of growfli factor recqptois have been found to be 
amplified in various types of cancers suggesting that overexpression of these receptors may make neoplastic cells 
less susceptible to limiting amounts of available growth fector. Examples include the amplification of the androgen 
receptor in recurrent prostate cancer during androgen deprivation therapy and the amplification of the growth factor 
receptor homologue ERB2 in breast cancer. Lastly, genes involved in intracellular signaling and control of cell cycle 
progression can undergo amplification during malignant transformation. This is illustrated by the amplification of 
die bcl-l and ras genes in various qsithelial and lymphoid neoplasms. 

These eariier studies illustrate the feasibility of identifying amplified DNA sequences in neq^lasms, because 
this ai^roach can identify genes important for malignant transformation. The case of ERB2 also demonstrates tiie 
feasibility firom a tfaeFeq)eutic standpoint, since transforming proteins may represent novel and specific taigets for 
tumor ther^y. 

Several different techniques can be used to demcMistrate amplified genomic sequences. Classical cyto^netic 
analysis of chromosome sfxeads prej^i&l fiom cancer cells is adequate to identify gross structural alterations, such 
as translocations, deletions and inversions. Amplified genomic regions can only be visualized, if th^ involve large 
regions with high copy numbers or are present as extrachromosomal material. While cytogenetics was the first 
technique to demonstrate the consistent association of ^secific chromosomal changes with particular neoplasms, it 
is inadequate for the identification and isolation of manageable DNA sequences. The more recently developed 
technique of comparative genomic hybridization (CGH) has illustrated the widespread phenomenon of genomic 
amplification in neoplasms. Tumor and normal DNA are hybridized simultaneously onto metaphases of nom:ial cells 
and the entire genome can be screened by image analysis for DNA sequences that are present in the tumor at an 
increased frequency. (WO 93/18,1 86; Gray el a/., Eadiatiaa£es. 122, 275-289 [1994]). As a screening mediod,diis 
type of analysis has revealed a laige number of recurring amplicons (a stretch of anq>lified DNA) in a variety of 
human necplasms. Although CGH is more sensitive than classical cytogenetic analysis in identifying anq>lified 
stretches of DNA, it does not allow a rapid identification and isolation of coding sequences within the anq>licon by 
standard molecular genetic techniques. 

The most sensitive methods to detect gene amph'fication are polymerase chain reaction (PCR>-based assays 
These assays utilize very small amount of tumor DNA as starting material, are exquisitely sensitive, provide DNA 
that is amenable to further analysis, such as sequencing and are suitable for high- volume thnnighput analysis. 

The above-mentioned assays are not mutually exclusive, but are frequently used in combination to identify 
amplifications in neoplasms. While cytogenetic analysis and CGH rq)resent screening mediods to survey &e entire 
genome for amplified regions, PCR-based assays are most suitable for the final identification of coding sequences, 
Le. genes in anq>lified regions. 

Accoidiog to the present invention, sudi genes have been identified by quantitative PCR (S. Geknini ef a/., 
riin rhftrn. 42, 752 [1997]), by comparing DNA firom a variety of primary tumors, includiiig breast, lung, colon, 
prostate, brain, liver, kidney, pancreas, spleen, thymus, testis, ovary, uterus, etc. tumor, or tumor cell lines, with 
pooled DNA from healthy donors. Quantitative PCR was performed using a Taq[Man instrument (ABI). Gene- 
specific primers and fiuorpgenic probes were designed based upon the coding sequences of the DNAs. 

Human hmg carcinoma cell lines inchide A549 (SRCC768), Cahi-1 (SRCC769), Cahi-6 (SRCC770), H157 
(SRCC77 1), H441 (SRCC772), H460 (SRCC773), SKMES-1 {SRCC774) and SW900 (SRCC775X all available hom 
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ATCC. Primaiyhunmhing tumor cells usually derive from adeiiocaici]iomas» squamoiis cell caicinonias, large 
cell carcinomas, non-small cell carcinomas, small cell carcinomas, and bnmcho alveolar carcinomas, and include, 
for example, SRCC724 (squamous cell carcinoma abbreviated as **SqCXIa"), SRCC725 (non-small cell carcinoma, 
abbreviated as *VSCCa"), SRCC726 (adenocarcinoma, abbreviated as "AdenoCa"), SRCC727 (adenocarcinoma), 
SRCC728 (squamous cell carcinoma), SRCC729 (adenocarcinoma), SRCC730 (adeno/squamous cell carcinoma), 
SRCC731 (adenocarcinoma), SRCC732 (squamous cell <:arcinoma), SRCC733 (adenocarcinoma), SRCC734 
(adenocarcinoma), SRCC735 (broncho alveolar carcinoma, abbreviated as "BAC"), SRCC736 (squamous ceU 
carcinoma), SRCC738 (squamous cell carcinoma), SR(X739 (squamous cell carcinoma), SRCC740 (squamous cell 
carcinoma), SRCC740 (hmg cell carcinoma, abbreviated as ''LCCa'O* 

Colon cancer cell lines include, for eKamplG^ ATCC cell lines S W480 (adenocarcinoma, SRCC776), SW620 
(lymph node metastasis of colon adenocarcinoma, SRCC777), COLO320 (adenocarcinoma, SRCC778), HT29 
(adenocarcinoma, SRCC779), HM7 (carcinoma, SRCC780), CaWiDr (ade»iocarcinama, arcc781), HCT116 
(carcinoma, SRCC782), SKCOl (adenocarcinoma, SRCC783), SW403 (adoiocarcinoma, SRCC784), LS174T 
(carcinoma, SRCC785), and HM7 (a high mucin producing variant of ATCC colon adenocarcinoma cell line LS 
174T, obtained fix»n Dr. Robert Wanen, UCSF). Primaiy colon turners include colon adenoocarcinomas designated 
ColT2 (SRCC742), ColT3 (SRCC743), C0IT8 (SRCC744), ColTlO (SRCC745), ColT12 (SRCC746), ColTH 
(SRCC747), C0ITI5 (SRCC748), ColXn (SRCC750), ColTl (SRCC751), ColT4 (SRCC752), ColT5 (SRCC753), 
C0IT6 (SRCC754), ColT7 (SRCC755), ColT9 (SRCC756), ColTl 1 (SRCC757), C0ITI8 (SRCC758), and DcR3, 
BACrcv, BACfwd, T160, and T159. 

Human breast carcinoma cell lines inchide, for exan^le, HBLIOO (SRCC7S9), MB43Ss (SRCC760), T47D 
(SRCC761), MB468(SRCC762), MB175 (SRCC763), MB361 (SRCC764), BT20 (SRCC765), MCF7 (SRCC766), 
SKBR3(SRCC767). 

3. Tissue Pistributkm 

The results ofte gene anylificarion assays herein can be verified ly further stu^ 
mRNA expression in various human tissues. 

As noted before, gene amplification and/or gene expression in various tissues may be measured by 
conventional Southern blotting. Northern blotting to quantitate the transcription of mRNA (Thomas, Proc. Natl. 
Arrfl^. M. ! f?^Ai ZZ:5201-5205 [1980]), dot blotting (DNA analysis), or in situ hybridization, using an ^)prc^riately 
labeled probe, based on the sequences provided herein. Alternatively, antibodies may be employed that can 
recognize q>ecific diq>lexes, including DNA duplexes, RNA duplexes, and DNA-RNA hybrid diq>lexes or 
DNA-protein duplexes. 

Gene e^qircssioa in various tissues, alternatively, may be measured by inununological methods, such as 
immunohistodiemical staining of tissue sections and assay of cell culture or body fluids, to quantitate directly the 
expression of gene product Antibodies useful for immundiistochemical stainii^ and/or assay of sample fluids may 
be either monoclonal or polyclonal, and may be prq^ared in any manunal. Conveniently, the antibodies may be 
prcpaied against a native sequence CT-1 polypeptide or against a synthetic pq)tide based on the DNA sequences 
provided herein or against exogenous sequence fused to CT-1 DNA and encoding a specific antibody epitope. 
General techniques for generating antibodies, and spGoal protocols for Northern blotting and in situ hybridization 
are provided hereinbelow. 
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4. Chromosome Mapping 

If die ainplification of a given gene is fimctionally relevant, then that gene should be amplified more than 
neighboring genomic r^ons which are not important for tumor survival To test this, the gene can be mapped to 
a particular chromos<nne, eg. by radiation-hybrid analysis. The amplification level is then determined at the location 
idmtifiedy and at neighboring genomic region. Selective or preferential amplification at the gen(»nic region to ^^ch 
10 gene has been mapped is consistent with the possibility that the gene amplification observed promotes tumor 
. growth or survival. Chromosome mapping includes both framework and epicenter mapping. For further details see 
e.g,, Stewart et al. Genome Researeh 2, 422-433 (1997). 

5. Antibody Binding Shidies 

The resuhs of die gene amplification study can be further verified by antibody binding studies, in which the 
ability of anti-CT-1 antibodies to inhibit the efifect'of die CT-1 polypeptides on tumor (cancer) cells is tested. 
Exemplary antibodies include polyckmal, monoclonal, humanized, bispecific, and heteroconjugate antibodies, the 
preparation of which will be described hereinbelow. 

Antibody binding studies may be carried out in any known assay method, such as conqsetitive binding 
assays, direct and indirect sandwich assays, and immuncprecipitation assays. Zola, Monoclonal Antibodies: A 
Manual of Techniques, pp.147-158 (CRC Press, Inc., 1987). 

Competitive binding assays rely on the ability of a labeled standard to compete with the test sanq>le analyte 
for binding with a limited amount of antibody. The amount of target protein (encoded by a gene amplified in a tumor 
cell) in the test sample is inversely proportional to the amount of standard that becomes bound to the antibodies. 
To facilitate determining the amount of standard that becomes bound, the antibodies preferably are insohibilized 
before or after the competition, so duit die standard and aiialyte that are bound to die ant^^ 
be separated from die standard and analyte iniiich remain unbound. 

Sandwich assays involve die use of two antibodies, each capable of bindiog to a different i mrmm ogenic 
portion, or epitope, of die protein to be detected. In a sandwidi assay, the test sanq>le analyte is bound by a first 
antibody which is immobilized on a soUd siqpport, and dtereafter a second anti^^ 

an insoluble three>part conq>lex. See, eg., US Pat No. 4,376,1 10. The second antibody may itself be labeled with 
a detectable moiety (direct sandwich assays) ch* may be measured using an anti-immunoglobulin antibody that is 
labeled with a detectable moiety (indirect sandwich assay). For example, one type of sandwich assay is an ELISA 
assay, in which case the detectable moiety is an enzyme. 

For immunohistochemistiy, the tuinor sainple inay be fresh or fit>zen or xnay be embedd^ 
fixed with a preservative such as fbnnalin, for exan^le. 

6. r^ll-Based Tumor Assays 

Cell-based assays and animal modds for tumovs (eg. cancers) can be used to verify the findings of the gene 
amplification assay, and further understand the relationship between die genes identified herein and the development 
and pathogonesis of nec^lastic cell growth. The role of gene products identified herein in the development and 
pathology of tumor or cancer can be tested by using primary tumor cells or cells lines that have been identified to 
amplify die genes herein. Sudi cells inchide, for €xaiiq>le, the breast, colon and lung caricercdteaiidceUli^ 
above. 
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In a different ai^ioach, cells of a cell type known to be involved in a particular tumor are transfected with 
the cDNAs herein, and the ability of these cDNAs to induce excessive growth is analyzed. Suitable cells include, 
for example, stable tumor cells lines such as, the B104-1-1 cell line (stable NIH-3T3 ceD line transfected with die 
neu protooncogene) and ros-transfected NIH-3T3 cells, which can be transfected with the desired gene, and 
monitored for tumorogenic growth. Such transfected cell lines can then be used to test the ability of poly- or 
monoclonal antibodies or antibody compositions to inhibit tumorogenic cell growth by exerting cytostatic or 
cytotoxic activity on the growth of the transformed cells, or by mediating antibody-dependent cellular cytotoxicity 
(ADCX^- Cells transfected with the coding sequences of the genes identified herein can further be used to identify 
drug candidates for the treatment of cancer. 

In addition, primsay cultures dmved firom tumcws in transgeiiic animals (as described below) can be used 
in tiie cell-based assays herein, although stable cell lines are preferred. Techniques to derive continuous cell lines 
from transgenic animals are well known in the art (see, eg. Small et al , MoL CelL BioL 642-648 [1985]). 

7. Animfll Mftdek 

A variety of well known animal models can be used to further understand the role of the genes identified 
herein in die development and pathogenesis of tumors, and to test the efficacy of candidate therapeutic agents, 
including antibodies, and other antagonists of the native polypeptides, including small molecule antagonists. The 
in vivo nature of such models makes them particularly predictive of responses in hiunan patients. Animal models 
of tumors and cancers (e^g, breast cancer, colon cancer, prostate cancer, lung caix^er, etc.) include both non- 
recombinant and recombinant (transgenic) animals. Kon-recombinant animal models include, for example, rodent, 
e.g. , murine models. Such models can be generated by introducmg tumor cells into syngeneic mice using stioidani 
^tedmiques, eg. subcutaneous injection, tail vein injection, ^leen implantaticm, intrEqperitoneal implantati<m, 
implantation ur)der the renal capsule, or adhopin implantaticm, eg. colon cancer cells implanted in colonic tissue. 
(See, eg. PCT pubUcation No. WO 97/33551 , published Sq)tember 18, 1997). 

Probably the most often used animal q;>ecies in oncological studies are immuiK>deficient mice and, in 
particular, nude mice. The observation that the nude mouse with hypo/^lasia could successfully act as a host for 
human tumor xenografts has lead to its widespread use for diis purpose. The autosomal recessive nu gene has been 
introduced into a very large number of distinct coi^enic strairis of nude mouse, indudiog, for exanq>le, ASW, A/He, 
AKR, BALB/c, B10.LP, C17, C3H, C57BL, C57, CBA, DBA, DDD, I/st, NC, NFR, NFS, NFS/N, NZB, NZC, 
NZW, P, RUI and S JL. In addition, a wide variety of other animals with inherited immunological defects other than 
the nude mouse have been bred and used as recipients of tumor xenografts. For further details see, eg. The Nude 
Mouse in Oncology Research^ E Bovcn and B. Winograd, eds., CRC Press, Inc., 1991. 

Hie cells introduced into such animals can be derived fiom known tumor/cancer ceU lines, such as, any of 
the above-listed tumor cell lines, and, for exan^>le, the BKM-l-l cell line (stable NIH-3T3 cell line transfected with 
the neu protooncQgene); ros-transfected NIH-3T3 cells; Caco-2 (ATCC HlB-37); a moderately well- 
differentiated grade II human colon adenocarcinoma cell line, HT-29 (ATCC HTB-38), or from tumors and 
cancers. Samples of tumor or cancer cells can be obtained fixxm patients undergoing surgery, using standard 
conditions, involving freezing and storing in liquid nitrogen (Karmali et al., Rr. J. Cancer 689-696 [1983]): 

Tumor cells can be introduced into animals, such as nude mice, by a variety of jHrocedures. The 
subcutaneous (s.c.) space in mice is very suitable for tumor inq>lantation. Tumors can be transplanted s.c. as solid 
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blocks, as needle biq^sies by use of a trochar, or as cell su^sensioDS. For solid block or tiocliar implantation, tumor 
tissue fragments of suitable size are introduced into the s.c. space. Cell suspensions are freshly prepared from 
primaiytumcMS or stable tumor ceU lines, and injected subcutaneousfy^ Tiunor cells can also be injected as subdennal 
inq)lants. In diis location, the inoculum is deposited between the lower part of the dennal connective tissue and the 
s.c. tissue. Boven and Winograd (1991), 5i^ra. 

Animal models of breast cancer can be generated, for example, by implanting rat neuroblastoma cells (from 
which the neu oncogen was initially isolated), or neu -transformed NIH-3T3 cells into nude mice, essentially as 
described by Drebin et al. PNA SU SA 22, 9129-9133 (1986). 

Similariy, aninial models of colon cancer can be generated by passaging colon cancer celk in a 
nude mice, leading to the appearaiK^ of tumors in these animals. An orthotopic tran^lant model of human colon 
' cancer in nude mice has been descnbed, for example; by Wang et al., rrancer Research SA^ 4726^728 (1994) and 
Too ei al. Cancer Reseaich 55, 681-684 (1995). This model is based <m the so-called •^ffiTAMOUSE™" sold by 
Anticancer, Inc. (San Diego, California). 

Tumors diat arise in animak can be removed and cultured in vitro. Cells from the in vitro cultures can tiien 
be passaged to animals. Such tumors can serve as targets for further testing or drug screening. Alternatively, the 
tumors resulting from the passage can be isolated and RNA from pre-passage cells and cells isolated after one or 
more rounds of passage analyzed for differential expression of genes of interest Such passaging techniques can be 
perfonned with any known tumor or cancer cell lines. 

For example, Meth A, CMS4, CMS5, CMS21, and WEHI-164 are chemically induced fibrosarcomas of 
BALB/c fanale mice (DeLeo et al,, J, Ex p. Med 146, 720 [1977]), which i»ovide a highly controllable model system 
for studying the anti-tumor activities of varimis agents (Palladino et al., J. Immunol IM, 4023-4032 [1987]). 
Briefly, tumor cells are propagated in vitro in cell culture. Prior to injection into the animals, cell lines are 
washedandsuq)endedinbufifer,atacdldensityofabout 10x10^ to 10x10^ cell^^ The animals are then infected 
subcutaneously with 1 0 to 1 00 ^1 of the cell suqsension, allowing one to three weeks for a tumor to appear. 

In additi(»i, the Lewis lung (3LL) carcinoma of mice, which is one of the most ^roughly studied 
experimental tumors, can be used as an investigational tumor model. Efficacy in this tumor model has been 
conelated with beneficial effects in the treatment of human patients diagnosed with smaU cell carcinoma of the lung 
(SCCL). This tumor can be introduced in normal mice upon injection of tumw fragments from an affected mouse 
or of cells maintained in cuhure (Zupi et a/., Br. J. Cancer 41, suppL 4, 309 [1980]), and evidence indicates diat 
tumors can be started from injection of even a single cell and that a very high prq>ortion of infected tumor cells 
survive. For further information about this tumor model see Zachar^, Haemostasis 16, 300-320 [1986]). 

One way of evaluating tiie efficacy of a test compound in an animal noodel is inq>lanted tumor is to measure 
the size ofthe tumor before and afler treatment Tnditicmally, the size of iniplanted tumors has been measured with 
a slide caliper in two or three dimensions. The measure limited to two dimensions does not accurately reflect the 
size ofthe tumor, therefore, it is usually converted into the corresponding volume by using a mathematicai formula. 
However, the measurement of tumor size is very inaccurate. The therq>eutic effects of a drug candidate can be better 
descnbed as treatment-induced growth delay and q)ecific growth delay. Another inqportant variable in the 
description of tumor growth is die taam volume doubUng time. Computer progranos for die calculation and 
descT^ on of tumor growth are also available, such as the program reported by Rygaard and Spang-Thomsen, Proc 
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6th Int Workshop on Immune'Deficient Animals, Wu and Sheng eds., Basel, 1989, 301 . It is noted, however, that 
necrosis and inflanunatory reqxxnses following treatment may actually result in an increase in tumor size, at least 
initially. Hieiefore, these changes need to be carefully monitored, by a combination of a mcHphometric method and 
flow cytometric analysis. 

Recombinant (transgenic) anmial models can be engineered by introducing the coding portion of the genes 
identified herein into the genome of animals of interest, using staiKlard techniques for producing transgenic animals. 
Animals that can serve as a target for transgenic manq>ulation include, without limitatian, mice, rats, rabbits, guinea 
pigs, sheq>, goats, pigs, and non-human primates, e.g. baboons, chimpanzees and monkeys. Techniques known in 
the art to introduce a transgene into such animals include pronucleic microinjection (Hqppe and Wanger, U.S. Patent 
No. 4,873,191); retrovirus-mediated gene transfer into germ lines (e^.. Van der Putten et ah, Proc. Nfttl, Acftd ScL 
USA S2, 6148-615 [1985]); gene targeting in embr^c stem ceUs (Hiompson et id,, Cell 26, 313-321 [1989]); 
electropcnation of embryos (Lo, MoL Cel.. BioL 3, 1803-1814 [1983]); sperm-mediated gene transfer (Lavitrano et 
a/.. Cdl 52, 717-73 [1989]). For review, see, for exan4>le, U.S. Patent No. 4,736,866. 

For the purpose of the present inventicm, transgenic animals include &ose that carry the transgene only in 
part of their cells C*mosaic animals^. Hie tran^ene can be integrated either as a single transgene, or in concatamers, 
e.g,j head-to-head or head-to-tail tmidems. Selective introducticHi of a transgene into a particular ceU type is also 
possible by following, for example, the technique of Lasko et al., froc. NatiL Acad, Sci, USA 2S, 6232-636 (1992). 

The expression of the transgene in transgenic animals can be monitored by standard techniqu^. For 
example, Southem blot analysis or PGR anq>lification can be used to verify the integration of the transgene. Hie 
level of mRNA expression can then be analyzed using techniques such as in situ hybridization, Nordmm blot 
ana^is, PGR, or immunocytochemistiy. Hie animals are further examined for signs of tumor or cancer 
development. 

Alternatively, **kiK>ck out" animals can be constructed yMch have a defective or altered gene encoding a 
CT-l polypeptide identified herein, as a result of boroolpgous recombination between the endogenous gene encoding 
&e po]ypq>tide and altered genomic DNA encoding the same polypeptide introduced into an embryonic cell of the 
animal. For example, cDNA ^coding a particular CT-1 polypeptide can be used to clone genomic DNA encoding 
that polypeptide in accordance with established techniques. A portion of the genomic DNA encoding a particular 
CT-1 polypeptide can be deleted or rq>laced with another gene, such as a gaie encoding a selectable maiker which 
can be used to monitor integration. Typically, several kilobases of imaltered flanking DNA (both at the 5* and 3' 
ends) are included in the vector [see e.g.^ Thomas and C^^ecchi, ^U, 21:503 (1987) for a description of homologous 
recombination vectors]. Ibe vector is introduced into an embrycmic stem cell line (eg., by electroporation) and cells 
in whidi die introduced DNA has homol(>gously recombined widi the endogenous DNA are selected [see e.g:^ li et 
al., Cfill, 69:915 (1992)]. The selected ceUs are then injected into a blastocyst of an animal (e.g,, a mouse or rat) to 
form aggregation chimeras [see eg., Bradley, in Teratocetrdnomas and Embryonic Stem Cells: A Practical 
Approach^ E J. Robertson, ed. (IRL, Oxford, 1987), pp. 1 13-152]. A chimeric embryo can then be implanted into 
a suitable pseudopregnant female foster animal and die embryo brought to tam to create a Imock out" animal. 
Progeny harboring the homologously recombined DNA in their germ cells can be identified by standard techniques 
and used to breed animals in whidi all ceUs of the animal contain the homologously recombined DNA. Knockout 
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animals can be characterized for instance, by their ability to defend against certain pathological conditions and by 
their develofnnent of pathological conditions due to absence of the CT-1 polypq>tide. 

The efficacy of antibodies specifically bindiog die polypeptides identified herein and other drug candidates, 
can be tested also in the treatment of spontaneous animal tumors. A suitable target for such studies is fhe feline oral 
squamous cell carcinoma (SCC). Feline oral SCC is a highly invasive, malignant tumor that is the most common 
oral malignancy of cats, accounting for over 60% of Ae oral tumors reported in Ais ^)ecies. It rarely metastasizes 
to distant sites, although this low incidence of metastasis may merely be a reflection of the short survival times for 
cats with this tumor. These tumc^ are usually not amenable to surgery, primarily because of the anatomy of the 
feline oral cavity. At present, there is no effective treatment for this tumor. Prior to entiy into the study, each cat 
undergoes complete clinical examination, biopsy, and is scanned by computed tomography. Cats diagnosed with 
sublingual oral squamous cell tunxns are excluded firom the study. The tongue can become paralyzed as a result of 
such tumor, and even if the treatment kills die tumor, the animals may not be able to feed themselves. Each cat is 
treated repeatedly, over a logger period of time. Photpgnq>hs of the tunxvs will be taken daily during the treatment 
period, and at each subsequent redieck. After treatment, each cat undergoes another computed tomograjAy scan. 
Computed toniography scans and thoracic radiograms are evaluated eveiy Swedes thereafter. The data are evaluated 
for diffeiences in survival, re^x»ise and toxicity as ccHnpared to control groups. Positive response may require 
evidence of tumor regression, preferably widi improvement of quality of life aod/<x increased life span. 

In addition, other ^XMitaneous animal tumors, such as fibrosarcoma, adenocarcinoma, lymphoma, 
chrondroma, leiomyosarcoma of dogs, cats, and baboons can also be tested. Of these mammaiy adenocarcinoma 
in dogs and cats is a prefored model as its appearance and behavior are veiy similar to those in humans. However, 
the use of this model is limited by the rare occurrence of this type of tumor in animals. 

8. Screening A ^y^ Candidates 

Screening assays for drag candidates are designed to identify compounds that bind or complex widi the 
polypq>tides encoded by the genes identified herein, or otherwise interfere with the interaction of the encoded 
polypq>tides with other cellular im>teins. Such screening assays wiU include assays amenabk to high-thniug)qi^ 
screening of chemical libraries, makiiig them particulariy suitable for identifying small molecule drug candidates. 
Small molecules contemplated include synthetic (Hganic or inorganic compoimds, including pq>tides, preferably 
soluble pq>tides, (poly)peptide-immunoglobulin fusions, and, in particular, antibodies including, widiout limitation, 
poly- and monoclonal antibodies and antibody fragments, single-chain antibodies, anti-idiotypic antibodies, and 
chimeric or humanized versions of sudi antibodies or fragments, as well as human antibodies and antibody 
fragments. The assays can be perfomied in a variety of fomiats, including protein-protein binding assays, 
biochemical screening assays, immunoassays and cell based assays, which are well characterized in the art 

All assays are common in that they caU for contacting the drug candidate with a polypq>tide encoded by 
a nucleic acid identified herein under conditions and fora time sufficient to allow these two com^nents to inteiact 

In binding assays, the interaction is binding and the complex formed can be isolated or detected in the 
reaction mixture. In a particular emlK>diment, the polypeptide encoded by the gene identified herein or the drug 
candidate is immobilized on a solid jdiase, e.g, on a microtiter plate, by covalent or non-covalent attachments. Non- 
covalent attachment generally is accomplished by coating the solid surfrice with a solution of the polypeptide and 
drying. Alternatively, an immobilized antibody, eg. a monoclonal antibody, specific for the polypqptide to be 
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immobilized can be used to anchor it to a solid surface. The assay is performed by adding the non-immobilized 
component, v/tdch may be labeled by a detectable label, to the immobilized component, eg. the coated surface 
containing Ae anchored component When the reaction is complete, the non-reacted components are removed, e.g. 
by washing, and . complexes anchored on the solid surface are detected. When Ae originally non-immobilized 
component carries a detectable label, the detection of label immobilizied on the surface indicates that complexing 
occurred Where the originally non-immobilized component does not carry a label, complexing can be detected, for 
example, by using a labeled antibody specifically binding the immobilized complex. 

If d)e candidate compound interacts with but does rK>t bind to a particular CT-1 polypeptide encoded by a 
nucleic acid sequence described herein, its interactkm wid) diat polypeptide can be assayed by methods well known 
for detecting protein-protein interactions. Such assays include traditional approaches, such as, cross-linking, co- 
immunoprecq[>itation, and co-purification dnough gradients or diromatQgrBphic columns. In addition, protein- 
protein interactions can be monitored by using a yeast-based genetic system described by Fields and co-woikers 
[Fields and Song, Natme fLondoi^l HQ, 245-246 (1989); Chien et al., PiDC. Natl Acad. ScL USA 9578-9582 
(1991)] as disclosed by Chevray and Nathans [Froc. NaU. Arad Sri T7SA SS, 5789-5793 (1991)]. Many 
transcriptional activators, such as yeast GAL4, consist of two i^ysicaUy discrete modular domains, one acting as the 
DNA-binding domain, while the other one fiinctioning as transcription activaticHi domain. The yeast expression 
system described in the foregoing publications (generally referred to as the "two-hybrid system**) takes advantage 
of this property, and employs two hybrid proteins, one in which the target protein is fused to the DNA-binding 
domain of GAL4, and another, in which candidate activating proteii^ are fiised to the activatiori domaiiL The 
expression of a GALl-ZocZ reporter gene under control of a GAL4-activated promoter depends on reconstitution of 
GAM activity via protein-protein interaction. Colcmies containing interacting po]ypq)tides are detected with a 
chrtnnQgenic substrate for P-galactosidase. A complete kit (MATCHMAKERS) for identiiyiiig protein-protein 
intmctions between two q)ecific proteins using the two-hybrid technique is conamerdally available finom CHcmtedi. 
This system can also be extended to map protein domains involved in specific protein interactions as well as to 
pinpoint amino acid residues that are crucial for these interactions. 

(Compounds Aat interfere with the interaction of a CT-1 -encoding gene identified herein and other intra- 
or extracellular conqxnients can be tested as follows: usually a reaction mixture is prepared containing the pnxhict 
of the amplified gene and the intra- or extracellular component imder conditions and for a time allowing for the 
interaction and binding of the two products. To test the ability of a test compound to inhibit binding, the reaction 
is run in the absence arid in die presence of the test compound. In addition, a placebo may be added to a diird 
reaction mixture, to serve as positive control. The biiidiiig (coii^lex formation) between die test conipound and the 
intra- or extracellular conqxment present in the mixture is rrionitored as described hereinabove. Tlie formation of 
a conq>lex in die control reaction(s) but not in the reaction mbcture containiog the test compound indicates that the 
test compound interfms with die interaction of die test compound and its reaction partner. 

9. Compositions and Methods for die Treatment of Tumors 

Ibe conqpositions usefol in the treatment of tumors associated with the anq)lificati(m of die genes identified 
herein include, without limitation, antibodies, small CHganic and inorganic molecules, peptides, pho^hopeptides, 
antisense and ribozyme molecules, triple helix molecules, etc. that inhibit the expression and/or activity of the target 
gene product 
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For example, antisense RNA and RNA molecule act to directly block the translation of mRNA by 
hybridizing to targeted mRNA and (ireventing protein translation. When antisense DNA is used, 
oiigodeoxyribonucleotides derived finom the translation initiation site, eg. between about -10 and +10 positions of 
the target gene nucleotide sequence, are preferred 

Ribozymes are enzymatic RNA molecules cq>able of catalyzing the specific cleavage of RNA. Ribozymes 
act by sequence-specific hybridization to the complementary target RNA, followed by endonucleolytic cleavage. 
Specific ribozyme cleavage sites within a potential RNA target can be identified by known techniques. For fiulher 
details see, eg. Rossi, Current Biolog y 4, 469-471 (1994), and PCX publication No. WO 97/33551 (published 
September 18, 1997). 

Nucleic add molecules in triple hehx formation used to inhibit transcr^tion should be single-stranded and 
composed of deoxynucleotides. The base composition of these oligonucleotides is designed such that it promotes 
triple helbc formation via Hoogsteen base pairir^ rules, which generally require sizeable stretches of purines or 
pyrimidines on one strand of a diq>lex. For further details see, eg. PCT publication No. WO 97/3355 1 , Jt^pro. 

These molecules can be identified by any or any combination of the screeniiig assays discussed hereinabove 
and/or by any other screenirig techniques wdl known for those skilled in tl^ art. 

9.1 Antibotfies 

Some of the most promising drug candidates acconixng to the present invention are antibodies and antibody 
fragments which may inhibit the production or the gene product of the anq>lified genes identified herein and/or 
reduce the activity of the gene products. 

i. Polyclonal Antibodies 

Methods ofprq>aring polyclonal antibodies are known to the skilled artisan. Polyclonal antibodies can be 
raised in a mammal, for example, by <xie or more, injections of an immunizing agent and, if desired, an adjuvant 
Typically, the inmnunizing agent and/or adjuvant will be injected in the manunal by multiple subcutaneous or 
intrq)eritoneal injections. The immunizing agent may include the CT-1 polypq>tide or a fusion protein thereof. It 
may be useful to conjugate the isununizii)g agent to a iMnotein krkown to be immunogenic in die mammal beiiig 
immunized. Examples of such inunurx)genic proteins include but are not limited to keyhole linq>et hemocyainn, 
serum albumin, bovine thyroglobulin, and soybean trypsin inhibitor. Examples of adjuvants v/inch may be employed 
include Frcund*s complete adjuvant and MPL-TDM adjuvant (mom^hosphoryl Lipid A, synthetic trehalose 
dicorynomycolate). The iimnunization protocol may be selected by one skilled in the art without undue 
experimentation. 

ii. Mnnnclonal Antibodies 

The anti-CT-1 antibodies may, alternatively, be monoclonal antibodies. Monoclonal antibodies may be 
fffcpaKcd using hybridoma methods, sudi as those described by Kohler and Milstein, NatUie. 2Sfi:495 (1975). In a 
hybridoma method, a mouse, hamster, or other appropriate host animal, is typically imrhnniyfid with an immunizing 
agent to elicit lymphocytes that produce or are capable of producing antibodies that will specificaUy bind to the 
immunizing agent Alternatively, the lymphocytes may be inmiunized in vitro. 

The immunizing agent will typically include the CT-1 polypeptide, including fragments, or a fusion protein 
of such protein or a fragment thereof (jenerally, either peripheral blood lymphocytes (^BLs**) are used if cells of 
human origin are desired, or spleen cells or lypyh node cdls are used if non-human mammal ian sources are desired. 
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The lymphocytes are then fiised with an immortalized cell line using a suitable fusing agent, su(^ as polyethylene 
glycol, to f<Hm a hyfaridoma cell [Coding, Monoclonal Antihndiwf Principles and Practice , Academic Press, (1986) 
pp. 59-103]. Immortalized cell lines are usually transfonned mammalian cells, paiticulaHy myeloma cells of rodent, 
bovine and human origin. Usually, rat or mouse myeloma cell lines are employed. The hybridoma cells may be 
cultured in a suitable culture mediimi. that preferably contains one or more substances that inhibit the growth or 
survival of the unfused, immortalized cells. For example, if die parental cells lack the enzyme hypoxanthine guanine 
phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas typically will include 
hypoxanthine, aminopteiin, and thymidine ("HAT medium"), which substances prevent the growth of HGPRT- 
deficient cells. 

Prefeired immortalized cell lines are those diat fuse efficiently, support stable high level expression of 
antibody by the selected antibody-producing cells, and are sensitive to a medium such as HAT medium. Moie 
preferred immortalized ceD lines are murine myeloma lines, which can be obtained, for instance, from the Salk 
Institute Cell Distribution Center, San Diego, California and the American Type Culture Collection (ATCQ, 
Manassas, Viigima. Human myeloma and mouse^iuman heteramyeloma cell lines also have been described for the 
production of Inmian monoclonal antibodies [Kozbor, J. Immunol, ^ 122:3001 (19^); Brodeur et al., Monorlnnal 
Antibody Production Te rhniques and Applications. Marcel Dekker, Inc., New York, (1987) pp. 51-63]. 

The culture medium in which the hybridoma cells are cultured can then be assayed for the presence of 
monoclonal antibodies directed against CT-1. Preferably, the binding specificity of monoclonal antibodies produced 
by the hybridoma cells is determined by immunoprecipitation or by an in vitro binding assay, such as 
radioimmunoassay (RIA) or enzyme-Unked immunoabsorbent assay (ELISA). Such techniques and assays are 
known in the art The bindii^ affinity of the monoclonal antibocfy can, for exainple, be determined by the Scatdiard 
analysis of Munson and Pollard, Atwl Rinrhem. 102:220 (1980). 

After die desired hybridoma cells are identified, the clones may be subclonedby lirnitiiig dilution procedores 
and grown by standard methods [Coding, siyra] . Suitable culture media for this purpose include, for example, 
Dulbecco's Modified Eagle's Medium and RPMI-1 640 medium. Alternatively, the hytmdoma cdls may be grown 
in vivo as ascites in a mammal. 

The monoclonal antibodies secreted by the subclones may be isolated or purified fiom the culture medium 
or ascites fiuid by conventional inimimoglobulin purification procedures such as, for example, protein A-Sepharose, 
hydn>xyl£g>atite chromatography, gel electrophoresis, dialysis, or affinity chromatogr^hy. 

The monoclonal antibodies may also be made by recombinant DNA methods, such as diose described in 
U.S. Patent No. 4,816,567. DNA encodiiig the monoclonal antibodies of the invention can be readily isolated and 
sequenced using conventional procedures (eg;, by using oligonucleotide probes that are capable of binding 
specificaUy to genes encoding the heavy and fight cfaaiiis of murine antibodies). Tbe hybridoma cells of die invention 
sennas a prefened source of such DNA. Once isolated, the DNA may be placed into exj^essicm vectors, which are 
then transfected into host cells such as simian CX>S cells, Chinese hamster ovmy (CHO) cells, or myeloma cells that 
do not otherwise produce immunoglobulin pfotein, to otoin the synthesis of monoclonal antibodies - in the 
recombinant host cells. The DNA also inay be modified, for exainple, by substituting die coding sequence for h^ 
heavy and light chain constant domains in place of the homologous murine sequences [U.S. Patent No. 4,816,567; 
Morrison et al., aipm] or by covalently joiniiig to the immunoglobulin coding sequence all or part of the coding 
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sequence for a non-immunoglobulin polypeptide. Such a Don-immunoglobulin po]ypq>tide can be substituted for 
the constant domains of an antibody of the invention, or can be substituted for the variable domains of one antigen- 
combining site of an antibody of the invention to create a chimeric bivalent antibody. 

The antibodies may be monovalent antibodies. Methods for preparing monovalent antibodies are well 
5 known in the art For example, one method involves recombinant expression of immunoglobulin light chain and 

modified heavy chain. The heavy chain is truncated generally at any point in the Fc region so as to prevent heavy 
chain cix>sslinking. Alternatively, the relevant cysteine residues are substituted with another amino acid residue or 
are deleted so as to prevent crosslinking. 

In vitro methods are also suitable for preparing monovalent antibodies. Digestion of antibodies to produce 
10 fragments thereof, particularly, Fab fragments, can be accomplished using routine techniques known in the art. 

iii. Human and Humanized Antibodies 

The anti-CT-1 antibodies may further comprise humanized antibodies or human antibodies. Humanized 
fonns of non-human (eg., murine) antibodies are chimeric immunoglobulins, umnunoglobulin diains or fragments 
theieof (such as Fv, Fab, Fab', FCab^ other antigen-binding subsequences of antibodies) "v^iich ccmtain minimal 

15 sequence derived from non-human inununpglobulin. Humanized antibodies include human imnmnoglobulins 

(lec^ient antibody) in v^d) residues from a conqilementary detennining region (CDR) of the recipient are replaced 
by residues from a CDR of a non-human species (donor antibody) such as mouse, rat or rabbit having the desired 
^)ecifrcity, affinity and capacity. In some instances, Fv frameworic residues of the human immunoglobulin are 
replaced by corre^xniding non-human residues. Humanized antibodies may also comprise residues which are foimd 

20 neither in the recipient antibody nor in the imported CDR or framework sequences. In general, the humanized 

antibody will comprise substantially all of at least one, and typically two, variable domains, in which all or 
substantially all of die CDR regions comspooA to those of a non-human inununpglobulin and all or substantially 
all of the FR regions are those of a human immunoglobulin consensus sequence. The humanized antibody optimally 
also will comprise at least a portion of an immunoglobulin ccmstant r^on (Fc), ^icaUy that of a human 

25 immunoglobulin [Jones et al., Ijat!EC6> 221:522-525 (1986); Riechmann et al., K^^, 222325-329 (198S); and 

Piesta, niifr O p 5StmcLBioL. 2:593-596 (1992)]. 

Methods for humanizing non-human antibodies are weU known in the ait Genoally, a humanized antibody 
has (Mie or more amino acid residues introduced into it frron a source which is non-human. These non-human amino 
acid residues are often referred to as "import" residues, v^ch are typically taken from an "import" variable domain. 

30 Humanization can be essentially performed following the method of Winter and co-workers [Jones et al., NafiHC, 

321:522-525 (1986); Riechmann et al., IJatuiC, 332:323-327 (1988); Verfioeyen et aL, SfiifiaJCfi, 232:1534-1536 
(1988)], by substituting rodent CDRs or CDR sequences for the correq^mding sequences of a hunum antibody. 
Accordingly, sudi "humanized** antibodies are chimmc antibodies (U.S. Patent No. 4,$]6^7X wherein substantially 
less than an intact human variable domain has been substituted by the ccnrresponding sequence from a non-human 

35 species. Inpractice^huinariizedannl)odiesaretypically huinan antibodies in which some CDR 

some FR residues are substituted by residues from analogous sites in rodent antibodies. 

Human antibodies can also be produced using various techniques known in the ait, including phage display 
libraries [Hoogenboom and Winter, J Mol BioL. 222:381 (1991); Marks et al., J. MoLBiol,, 222:581 (1991)]. Tht 
techniques of Cole et aL and Boemer et al. are also available for the prqparation of human monoclonal antibodies 
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(Cole et al.. Monoclonal Antibodies an d Cancer Therqiy, Alan R. Liss, p. 77 (1985) and Boemer et al., J. ImmunQl, 
147(l) :86-95 (1991)]. Similarly, human antibodies can be made by introducing of human immunoglobulin loci into 
transgenic animals, mice in which the endogoious immunoglobulin genes have been partially or completely 
inactivated. Upon challenge, human antibody production is observed, which closely resembles that seen in humans 
in all respects, including gene rearrangement, assembly, and antibody rq^ertoire. This approach is described, for 
example, in U.S. Patent Nos. 5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,661,016, and in the foUowmg 
scientific publications: Maiks et a/., BionTechnology Ifl, 779-783 (1992); Lonberg et al., Wature 368 856-859 
(1 994); Morrison, Nature 368, 812-13 (1994); Fishwild et al. N ature Biptechp olo gy 14, 845-51 (1996); Ncubeiger, 
Nflfaire Biotechnology B, 826 (1996); Lonbcig and Huszar, Intcm. Rcv. Immunol. 13 65-93 (1995). 
iv. Bispecific Antibodies 

Bispecific antibodies are monoclcmal, preferably human or humanized, antibodies that have bindiqg 
specificities for at least two different antigens, hi the present case, one of the binding q>ecificities is for a CT-1 
polypeptide, the other one is for any other antigen, and preferably for a ceU-surfece protein or receptor or recq>tor 
subunit 

Methods for making biqpedfic antibodies are known in the art Traditionally, the recombinant production 
of bispecific antibodies is based on the co-expression of two immunoglobulin heavy-chain/light-chain pairs, where 
• the two heavy chains have different specificities (Milstein and Cuello, tIatUK, 305:537-539 [1983]). Because of the 
random assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas) produce a potential 
mixture often different antibody molecules, of which only one has the correct bispecific stmcture. The purification 
of the correct molecule is usually acconq>lished by afiBnity chromatography stq)s. Similar procedures are disclosed 
in WO 93/08829, published 13 May 1993, and in Traunecker et al., EMBQJL, IQ:3655-3659 (1991). 

Antibody variable domaim witfk ti)e desired bindis^ q)ecificities (antibody-^ 
be fused to immunoglobulin constant domain sequences. Hie fusion preferably is with an immunoglobulin heavy- 
diain constant domain, con^irising at least part of the hinge, CH2, and CH3 regions. It is prefiecred to have die first 
heavy-chain constant legion (CHI) containing the site necessaiy for Ught-chain binding present in at least one of the 
fusions. DNAs encoding the ]nimunoglobulinheavy'<:hain fusions and, if clesired, the i 

are inserted into sqiarate expression vectors, and are co-transfected into a suitable host cnfganism. For further details 
of generating bispecific antibodies see, for example, Suresh et al.. Methods in HnTymology, 121:210 (1986). 
V. HeterocQoiugPte Antibodies 

Heteroconjugate antibodies are composed of two covalently joined antibodies. Such antibodies have, for 
example, been proposed to target immune system cells to unwanted cells [U.S. Patent No. 4,676,980], and for 
treaunent of HTV infection [WO 91/00360; WO 92/200373; £P 03089]. It is conten9>lated that the antibodies may 
be prepared in vitro using known methods in synthetic ]HOtein chemistiy, including those involving crosslinking 
agents. For example, immunotoxins may be constructed using a disulfide exchange reaction or by fonning a 
thioether bond. Examples of suitable reagents for this purpose include iminothiolate and mediyl-4- 
mercaptobutyrimidate and those disclosed, for example, in U.S. Patent No. 4,676,980. 
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vi. Kffector function engineering 

It may be desirable to modify the antibody of the invention with respect to effector function, so as to 
enhance the effectiveness of the antibody in treating cancer, for exanq>le. For exan^le cysteine residue(s) may be 
introduced in the Fc region, thereby allpwing interchain disulfide bond formation in this regioiL Hie homodimeric 
antibody thus generated may have improved internalization capability and/or inoeased complement-mediated cell 
killing and antibody-dependait celblar cytotoxicity (ADCQ. See Caron et al,, JT, Exp Med . 126:1 191-1 195 (1992) 
and Shopes, B. T Immunol . 148:2918-2922 (1992). Homodimeric antibodies with enhanced anti-tumor activity may 
also be prq>ared using heterobiiunctional cross-linkers as described in Wolff a/. Cancer Research ^:2560-2S65 
(1993). Alternatively, an antibody can be engineered which has dual Fc regions and may therd>y have enhanced 
complement lysis and ADCX:cq>abih*ties. See Stevenson e/ a/.. Anti-Cancer Drug Design 3:219-230 (1989). 

Hie invention also pertains to immunoconjugates comprising an antibody c<nijugated to a cytotoxic agent 
such as a chemoflienq)eiitic agent, toxin {e.g. an enzymatically acdve toxin of bacterial, fungal, plant or animal origin, 
or fragments thereof), or a radioactive isotope (£e» a ladiocrajugate). 

Chemothef:^)etttic agents useful in the generation of such immunoconjugates have been described above. 
Enzymatically active toxins and fragments thereof which can be used include d^htfaena A chain, nonbinding active 
fragments of diphtheria toxin, exotoxin A chain (from Pseudomonas aeruginosa\ ricin A chain, abrin A chain, 
modeccin A chain, a^ha-sarcin, Aleurites fordii proteins, dianthin proteins, Phytolaca americana jmteins (PAPI, 
PAPn, and PAP-S), mom<xdica charantia inhibitor, curcin, crotin, sapaonaria officinalis inhibitor, gelonin, 
mitogellin, restrictocin, phenomycin, oiomycin and the tricothecenes. A variety of radionuclides are available for 
the production of radioconjugated antibodies. Examples include ^'%i, '^'In, ^ and '"^e. 

Conjugates of the antibody and cytotoxic agent are made using a variety of bifimctional protein coiq)ling 
agents such as N-5uccinimid^3-(2<^yyridyldifhiol) propionate (SPDP), iminothiolane (TT), bifunctional derivatives 
of imidoestess (such as dimethyl adipimidate HCLX active esters (such as disuccinimidl^ suberate), alddiydes (such 
as ghitareldefaydeX bis^azido ccmqxwnds (such as bis 0>-azidobenzoyl) hexanediamineX bis-diazonium derivatives 
(sud) as bis-(p-diazoniumbenzoy])-ethylenediamine), diisocyanates (such as tolyene 2,6-diisocyanate), and bis-active 
fluorine compounds (such as l,S-difluoro-2,4-dinitrobenzene). For example, a ricin immunotoxin can be prepared 
as described in Vitctta et al. , Science 228: 1098 (1987). Carbon- 14-labeled l-isothiocyanatobenzyl-3- 
methyldiethylene triaminq)entaacetic acid (MX-DTPA) is an exemplary chelating agent for conjugation of 
radionucleotide to the antibody. See W094/1 1026. 

In another embodiment, the antibody may be conjugated to a **rcceptor" (such streptavidin) for utilization 
in tumor pretai^ding herein the antibody-receptm' conjugate is administeied to the patient, followed by removal 
of unbound conjugate from the circulation using a clearing agent and then administration of a "ligand" (eg. avidin) 
which is conjugated to a cytotoxic agent (eg. a radi(mucleotide). 

viii. Imrmmoliposomg 

The antibodies disclosed herein may also be formulated as immunoliposomes. Liposomes containing the 
antibody are prepared by methods known in the art, such as described in Q>stein et al,, Proc. Natl. Acad. Sci, IJSA^ 
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52:3688 (1985); Hwang et aL, Pmc. Natl Acad Sci ITSA^ 22:4030 (1980); and U.S. Pat Nos. 4,485,045 and 
4,544>I5. Liposomes with enhanced circulation time are disclosed in U.S. Patent No. 5,013,556. 

Particularly useful liposomes can be generated by the reverse phase evaporation method with a lipid 
conqx)sition comprising phosphatidylcholine, cholesterol and PEG-derivatized phosphatidylethanolamine (PEG<PE). 
Liposomes are extruded through filters of defined pore size to yield liposomes with the desired diameter. Fab' 
fragments of the antibody of the present invention can be conjugated to the liposomes as described in Martin ei al 
1 Biol. Chem. 257 : 286-288 (1982) via a disulfide mterchange reaction, A chemotherapeutic agent (such as 
Doxombidn) is optionally contained within die lq)Osome. See Gabizon et al,.^ J. National Cancer Inst- 21(19)1484 
(1989). 

10. PbamaccHtical Compositjons 

Antibodies specifically bindiqg the product of an anq>lified gene identified herein, as well as other molecules 
identified by the screening assays disclosed hereinbefore, can be administered fcMr the treatment of tumors, including 
cancers, in the form of pharaiaceutica] ccHiqpositiQns. 

If the protein encoded by the amplified gene is intracellular and whole antibodies are used as inhibitors, 
internalizing antibodies are preferred. However, lqx>fections or Hposomes can also be used to deliver the antibody, 
or an antibody fiagment, into cells. Where antibody fragments are used, the smallest inhibitory fragment which 
specifically binds to the binding dcmiain of the target protein is prefened. Fcm- exan^le, based iq>on the variable 
rpgion sequences of an antibody, peptide molecules can be designed \^ch retain the ability to bind the target protein 
sequence. Such peptides can be synthesized chemically and/or produced by recombinant DNA technology (see, eg, 
Marasco et al,. Pmc, Natl. Acad Sci. USA 90, 7889-7893 [1993]). 

Therapeutic fonmilations of die antibody are prepared for storage by mixing the antibo^ having the desired 
degree of purity with optional phnrmftmitirjilly accq>table carders, excqnents or stabilizers {Remington's 
Pharmaceutical Sciences 16th edition, Osol, A. Ed. [1980]), in die form of lyophilized fbnnulatioiis or aqueous 
solutions. Acceptable carriers, exdpients, or stabilizers are nontoxic to redpicats at the dosi^es and concentrations 
enq>loyed, and include buffers such as pho^hate, citrate, and other orgaruc adds; antioxidants induding ascorbic 
acid and methionine; preservatives (such as octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; 
benzalkonium chloride, benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or 
jHt^yl paraben; catechol; resordnol; cyclohexanol; 3^)entmiol; and m-cresol); low molecular wdght (less than about 
1 0 residues) polypeptides; proteins, sudi as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such 
as polyvinylpyrrolidone; amino acids such as glycine, ghitamine, asparagine, histidine, arginine, or lysine; 
monosaccharides, disaccharides, and other carbohydrates inchiding glucose, maimose, or dextrins; chelating agents 
such as EDTA; sugars such as sucrose, mannitol, trehalose or sorbitol; sah-fonnii^ counter-ions such as sodium; 
metal conq>lexes (e.g, Zn-protein complexes); and/or non-ionic surfactants such as TW£E>P^, PLURONICS''^ or 
polyediylene glycol (PEG). 

Non-antibody compounds identified by the screening assays of the present invention can be formulated in 
an analogous manner, using standard techniques well known in the art 

Tlie formulation herein may also contain more than one active compound as necessary for the particular 
indication being treated, preferably diose widi complementary activities that do not adversely affect each other. 



-32- 



wo 00/43790 



PCTAJSOO/0144] 



Alternatively, or in addition, the composition may conqnise a cytotoxic agent, cytokine or growth inhibitory agoit 
Such molecules are suitably present in combination in amounts that are effective for the puipose intended. 

The active ingredients may also be entrapped in microcapsules prq^ared, for example, by coacervation 
techniques or by inteifacial polymerization, for example, hydroxymethylcelhilose or gelatin-micnx»q3sules and poly- 
(methyhnethacylate) microc^)sules, re^)ectively, in coUoidal drug delivery systems (for example, lqx>somes, 
albumin microspheres, microemulsions, nano-particles and nanocapsules) or in macroemulsions. Such techniques 
are disclosed in Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980). 

The formiilations to be used for in vivo administration must be sterile. This is readily accomplished by 
filtration through sterile filtration membranes. 

Sustained-release prq)arations may be prq>ared Suitable examples of sustained-release preparations include 
senupenneable matrices of solid hydrophobic polymers containiiig the antibody, which matrices are in the foim of 
shaped articles, eg. fihns, or microcapsules. Examples of sustained-release matrices inchide polyesters^ hydrogels 
(for example, poly(2-hydn)xycthyl-metbacrylate), or poly(yinylalcoho})), polylactides (U.S. PaL No. 3,773,919), 
copolymers of L-ghitamic acid and y ethyl-LrgKitamate, non-degradable ediylene-vinyl acetate, degradable lactic 
add-glycolic acid copolymers such as the LUPRON DEPOT (injectable microspheres composed of lactic acid- 
glycolic acid copolymer and leuprolide acetate), and poly-EK-)-3-hydroxybutyric add While polymers such as 
ethylene-vinyl acetate and lactic add-glycohc acid enable release of molecules for over 100 days, certain hydrogels 
release proteins for shorter time periods. When encapsulated antibodies renuun in the body for a long tiine, they inay 
denature or aggregate as a result of exposure to moisture at ST^'C, resulting in a loss of biological activity and 
possible changes in inmnmogenicity. Rational strategies can be devised for stabilization depending on tiie 
mechanism involved. For example, if the aggregation mechanism is discov«ned to be intCTiolecular S-S bond 
formation duougb thio-disulfide interchange, stabilization may be adiieved by modifyii^ sulfliydryl residues, 
lyophilizii^ from acidic solutions, controlling moisture content, using appropriate additives, and developing specific 
polymer matrix compositions. 

It is contemplated that the antibodies and other anti-UmKH* compounds of tiie presoit invention may be used 
to treat various conditions, inchiding those characterized by overexpression and/or activation of die an^lified genes 
identified hereiiL Exemplaiy conditions or disorders to be treated with such antibodies and othor compounds, 
inchiding, but not limited to, small organic and inorganic molecules, peptides, antiseose molecules, inchide 
benign or maHgt^ant tumors (eg. renal, liver, kidney, Uadder, breast, gastric, ovarian, colorectal, prostate, pancreatic, 
ling, vulval, thyroid, hq>atic carcinomas; sarcomas; glioblastomas; and various head and neck tumors); leukemias 
and lymphoid malignancies; other disorders sudi as neuronal, glial, astrocytal, hypothalamic and other glandular, 
macrophagal, epithelial, stromal and blastocoelic disofdeis; and inflammatory, angiogenic and immunologic 
disorders. 

The anti-tumor agents of the present invention, e.g. antibodies, are administered to a ma mm a l, preferably 
a human, in accord with known m^ods, sudi as intravenous administration as a bohis or by continuous infusion 
over a period of time, by intramuscular, intraperitoneal, intracerobrospinal, subcutaneous, intrararticular, 
intrasynovial, intrathecal, oral, tqpical, or inhalation routes. Intravenous administration of the antibody is preferred 



-33- 



wo 00/43790 



PCT/USOO/01441 



Odier therapeutic regimens may be combined with the administration of the anti-cancer agents, e.g. 
antibodies of tiie instant invention. For example, the patient to.be treated with such anti-cancer agents may also 
receive radiation therapy. Alternatively, or in addition, a chemotherqieutic agent may be administered to die patient 
Preparation and dosing schedules for such cbemotherapeutic agents may be used according to manufacturers* 
5 instructions or as determined empirically by the skilled practitioner. Preparation and dosing schedules for such 

chemotherapy are.also described in Chemotherapy Service Ed, M.C Perry, WiUiams & WiUdns, Baltimore, MD 
(1992). The chemotherapeutic agent may precede, or follow administration of the anti-tumor agent, e.g. antibody, 
or may be given simultaneously therewith. The antibody may be combined with an anti-oestrogen compound such 
as tamoxifen or an anti-progesterone such as onapristone (see, EP 616812) in dosages known for such molecules. 

10 It may be desirable to also administer antibodies against other tumor associated antigens, such as antibodies 

^ch bmd to theEtbB2, EGFR, EibBB, £rbB4, or vascular endothelial &ctor (VEGF). Alternatively, or in addition, 
two or more antibodies bindii^ the same or two or more different antigens disclosed herein may be co-administered 
tothepatient Sometimes, it may be beneficial to also adnuxiister one or more cytoildxies to tiiei^ Inapreferred 
embodiment, the antibodies herein are co-admirustered with a growtii inhibitory agent For example, tiie growth 

1 5 inhibitory agent may be administered first, followed by an antibody of the present invention. However, simultaneous 

administration or administration of the antibody of the present invention first is also contemplated Suitable dosages 
for the growth inhibitory agent are those presently used and may be lowered due to the combined action (syneigy) 
of the growth inhibitory agent and the antibody herein. 

For the prevention or treatment of disease, the appropriate dosage of an anti-tumor agent, e.g. an antibody 

20 herein will depend on the type of disease to be treated, as defined above, the sev^ty and course of the disease, 

whether the agent is administered for preventive or therapeutic purposes, previous thenqpy, the patimf s clinical 
history arid leqxmse to the agent, and the discretion of the attendii^physiciaiL The agent is suitably administered 
to the patient at one time or over a series of treatments. 

¥w example, dqpendiiig on the type and severity of the disease, about 1 Mg^ to 15 mg/kg (e.g. 0.1- 

25 2Qmg/kg) of antibody is an initial candidate dosage for adnuiustration to the patient, whether, for example, by one 

or more separate administrations, or by continuous infiision. A typical daily dosage might range fit>m about 1 fig/kg 
to 100 mg/kg or more, depending on the factors mentioned above. For repeated a dmi nistrations over several days 
or longer, depending on the condition, the treatment is sustained until a desired suppression of disease symptoms 
occurs. However, other dosage regimens may be useful. The progress of this iher^y is easily monitored by 

30 conventic»al techniques and assays. 

12. Articles of M anv^^rtyP' 

In another embodiment of the invention, an article of manufacture containing materials usefiil for the 
diagnosis or treatment of die disorders described above is ]»ovided Tlie article of manufiuiture comprises a container 
andalabd. Suitable containers inchide, fen* exainple, botdes, vials, syriiiges, and t^ The containos may be 
35 formed from a variety of materials such as glass or plastic. The container holds a composition which is effective for 

diagnosing or treating the condition and may have a sterile access port (for example the container may be an 
intravenous solution bag or a vial having a stq>per pierceable by a hypodennic injection needle). The active agent 
in the composition is usually an anti-tumor agent capable of interfering with the activity of a gene product identified 
herein, e.g. an antibody. The label on, or associated with, the container indicates diat the composition is used for 
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diagnosing or treating the condition of choice. Hie article of manufacture may further com]Hise a second container 
comprising a phannao^ticaliy-acoeptable bufTer, such as phosphate-buffered saline, Ringefs solution and dextrose 
solution. It may further include other materials desirable from a commercial and user standpoint, including other 
buffers, diluents, fDters, needles^ syringes, and package inserts with instructions for use. 
13. Diagnosis and Pmgnosis of Tumors 

While cell surface proteins, such as growth receptors overexpressed in certain tumors are excellent targets 
for drug candidates or tumor (e.g, cancer) treatment, the same i»x>teins along with secreted proteins encoded by the 
genes amplified in tumor cells find additional use in the diagnosis and prognosis of tumors. For example, antibodies 
directed against the proteins products of genes amplified in tumor cells can be used as tumor diagnostics or 
prognostics. 

For example, antibodies, inchiding antibody fragments, can be used to qualitatively or quantitatively detect 
the expression of proteins encoded by the anq)lified genes C^narker gene products**). The antibody preferably is 
eqinjpped with a detectable, e.g. fluorescent label, and binding can be monitored by tight microscopy, flow cytometry, 
fhimmetiy, or other techniques known in the art These techniques are particularly suitable, if the anq>lified gene 
encodes a cell sui&ce protein, e,g, a growth factor. Such binding assays are performed essentially as described in 
section 5 above. 

In situ detection of antibody binding to the marker gene products can be performed, for example, by 
immunofluoTescence or immunoelectron microscopy. For this purpose, a histological specmca is removed from the 
patient, and a labeled antibody is applied to it, preferably by overlaying the antibody on a biological sample. This 
procedure also allows for determining the distnbution of the marker gene product in the tissue examined. It will be 
apparent for those skilled in die ait that a wide variety of histological methods are readily available for in situ 
d^BCtion. 

The foUowing examples are offered for illustrative purposes only, and are not intended to limit the scope 
of the present in vention in any way . 

All patent and titerature references cited in the presem specification are beieby inccnporated by reference 
in their entirety . 

RXAMPLF^S 

Commercially available reagents referred to in the examples were used according to nianufacturer's 
instructions unless otherwise indicated. The source of those cells identified in the following examples, and 
throughout the specification, by ATCC accession numbers is the American Type Culture CoUection, Manassas, VA. 
Unless otherwise noted, the present invention uses standard procedures of recombinant DNA technology, such as 
those described hereinabove and in the following textbooks: Sambrook ei ai„ Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Press N.Y., 19S9; Ausubel et al.. Current Protocols in Molecular Biology^ Green 
Publishing Associates and Wiley Interscience, N.Y., 1989; Innis et al., PCR Protocols: A Guide to Methods and 
Applications^ Acadenuc Press, inc., N. Y., 1 99(h Hariow et al.. Antibodies: A Laboratory Manual^ Cold Spring Harbor 
Press, Cold Spring Harbor, 1988; Gait, MJ., Oligonucleotide Synthesis, JRL Press, Oxford, 1984; R.I. Freshi^, 
Animal Cell Culmre, 1987; Coligan et al.. Current Protocols in Immunology^ 1991. 
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EXAMPLE 1 
fifme Amplification 

This example shows that the . CT-1 -encoding gene is amplified in the genome of certain human Imig and 
colon cancer cell lines. Amplification is associated with overcxpression of the gene product, indicating that the CT-1 
proteins are useful targets for therap^tic intervention in certain cancers such as colon, hmg, breast and other cancers. 
Therapeutic agent may take the form of antagonists of CT-l-cncoding gene products, for exan^le, murine-fauman 
chimeric, humanized <x human antibodies gainst a CT-1 (CT-1) polypeptide. 

The starting material for the screen was genomic DNA isolated firom a variety of cancers. The DNA is 
quantitated precisely, eg. fhioiometricaDy. As a n^ative ccmtrol, DNA was isolated fiom the cells often normal 
healthy individuals which was pooled and used as assay controls for d>e gene copy in healthy individuals (not 
shown). The 5* nuclease assay (for example, TaqMan**^) and real-time quantitative PGR (for example, ABI Prizm 
7700 Sequence Detection System™ (Perkin Ehner, A|^lied Biosystems Division, Foster City, CA)), were used to 
find genes potentially amplified in certain cancers. Hie results were used to determine whether die DNA encoding 
CT-1 is over-represented in any of the primary hmg or colon cancers or cancer cell lines that were screened. The 
primary lung cancers were obtained fiom individuals with tumors of the type and stage as indicated in Table 1. An 
explanation of the abbreviations used for the designation of the primary tumors listed in Table 1 and the primary 
tumors aiid cell liries referred to throughout this example has been given hereinbefore. The results of the 
Taqman^ are reported in delta (A) Ct units. One unit corre^Kmds to one PGR cycle <»r proximately a 2-fold 
amplification relative to normal, two units c(mnesponds to 4-fold, 3 imits to S-fold aiiq>lification and so on. 
Quantitation was obtained using primers and a Taqman'^ fluorescent prove d^ved £nom die CT-1 -encoding gene. 
R^ons of CT-l which are most likely to contain unique nucleic acid sequences and vdiich are least likely to have 
spliced out introns are prefenred for die primer and probe derivaticm, e.g. a 3 -untranslated regicnL The sequences 
for die primers and piobes (forward, reverse and i»6be) used for the CT- 1 gene amplification were as follows: 
CT-1 (DNA581251 : 
58125.tm.fl 

5*-TrCCCAGCCrcrCTTTGCTIT-3' (SEQ ID NO: 4) 

58125.tm.rl 

5'-TCAGACGGAGTTACCATGCAGA-3' (SEQ ID NO: 5) 

58125.tm,pl 

y-TGCCCCGTrcTCTTAACTCTTGG AC0C-.3' (SEQ ID NO: 6) 

The 5* nuclease assay reaction is a fluorescent FCR-based technique which makes use of die 5' exonuclease 
activity of Taq DNA polymerase en^me to monitor aiTq)lification in real time. Two oligonucleotide primers are used 
to generate an amplicon typical of a PCR reaction. A third oligonucleotide, or probe, is designed to detect nucleotide 
sequence located between the two PCR primers. The probe is non-extendible by Taq DNA polymerase enzyme, and 
is labeled with a reporter fluorescent dye and a quencher fluorescent dye. Any laser-induced emission fiom the 
reporter dye is quenched by the quenching dye when the two dyes are located close together as they are on the probe. 
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During the amplification leaction, the Taq DNA polymerase enzyme cleaves the probe in a template-depentient 
manner. The resultant probe fragments disassociate in solution, and signal from the released tcporta dye is free from 
the quenching effect of the second fhiorophore. One molecule of r^nnter dye is liberated for each new molecule 
synthesized, and.detection of the unquenched rqxxrter dtye provides the basis for quantitative interpretation of the 
S data. 

The 5* nuclease procedure is run on a real-time quantitative PGR device such as the ABI Prism 7700™ 
Sequence Detection. The system consists of a thermocycler, laser, charge-coupled device (CCD) camera and 
computer. The system anq>lifies sanq)les in a 96-weU fomat on a thermocycler. During amplification, laser-induced 
fluorescent signal is collected in real-time dirough fiber optics cables f<»ran 96 wells, and detected m The 

10 system includes software for running the instrument and for analyzing the data. 

5* Nuclease assay data are im'tiallyexpfessed as Ct, or the threshold cycle. This is defined as the cycle at 
which the reporter signal accumulates above the background level of fluorescence. The ACt values are used as 
quantitative measurement of the relative number of starting copies of a particular target sequence in a nucleic acid 
sample when comparing cancer DNA results to noixnal human DNA results. 

15 Table 1 describes Ae stage, T stage and N stage, of various priniary tumors which were used to screen the 

CT-1 compounds of the invention. 



Table 1 

Primary Lung and Colon Tumor Profiles 



Primary Tumor 


Stage 


Other Stage 


Ehikes 
Stage 


T 

Stage 


N 

Stage 


Human hmg tumor SqCCA (SRCC724) [LTl] 


IB 






Tl 


Nl 


Human lung tumor NSCCa (SRCC725) [LTla] 


L\ 






T3 


NO 


Human hmg tumor AdenoCa (SRCC726) PLT2] 


IB 






T2 


NO 


Human hmg tumor AdenoCa (SRCC727) [LT3] 


m 






Tl 


N2 


Human lung tumor SqCCq (SRCC728) ILT4] 


nB 






T2 


NO 


Human hmg tumor AdenoCa (SRCC729) [LT6] 


IV 






Tl 


NO 


Human hmg tumor Aden/SqCCa (SRCC730) 
[LT7] 


IB 






Tl 


NO 


Human lung tumor AdenoCa (SRCC731) [LT9] 


EH 






T2 


NO 


Human hmg tumor SqCCa (SRCC732) [LTIO] 


L\ 






T2 


Nl 


Human lung tumor AdenoCa (SRCC733) 
[LTl I] 


IB 






Tl 


Nl 
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Human lime tumor AdenoCa fSRCC734) 
[LT12] 


HA 







T2 


NO 


Human hmg tumor BAC (SRCC73S) [LT13] 


IB 


- 


- 


T2 


NO 


Human lung tumor SqCCa (SRCC736) [LT15] 


m 


- 


- 


T2 


NO 


Human hmg tumor SqCCa (SRCC737) [LT16] 


m 


- 


- 


T2 


NO 


Human hing tumor SqCCa (SRCC738) [LTIT] 


ne 




- 


T2 


Nl 


Human hmg tumor SqCCa (SRCC739) [LT18] 


m 


- 


- 


T2 


NO 


Human \yxsxg tumor SqCCa (SRCC740) [LT19] 


m 




- 


T2 


NO 


Human lung tumor LCCa (SRCC741) [LT21] 


DB 


— 


- 


T3 


Nl 


Human colon AdenoCa (SRCC742) [Co]T2] 


- 


Ml 


D 


pT4 


NO 


Human colon AdenoCa (SRCC743) [ColTB] 




- 


B 


pT3 


NO 


Human colon AdenoCa (SRCC 744) [ColTS] 






B 


T3 


NO 


Human colon AdenoCa (SRCC74S) [ColTlD] 






A 


pT2 


NO 


Human colon AdenoCa (SRCC746) [Com2] 




MO,Rl 


B 


T3 


NO 


Human colon AdenoCa (SRCC747) [Com4] 




pMO,RO 


B 


pT3 


pNO 


Human colon AdenoCa (SRCC748) [ColTlS] 




M1,R2 


D 


T4 


N2 


Human colon AdenoCa (SRCC749) [C0ITI6] 




pMO 


B 


pT3 


pNO 


Human colon ActenoCa (SRCC750) [CoITn] 






CI 


pT3 


pNl 


Human colon AdenoCa (SRCC751) [CoITl] 




M0,R1 


B 


pT3 


NO 


Human colon A(tenoCa (SRCC752) [Com] 






B 


pT3 


MO 


Human colon AdenoCa (SRCC753) [CdTS] 




G2 


CI 


pT3 


pNO 


Human coIot AdenoCa (SRCC754) [Coixq 




pMO.RO 


B 


pT3 


pNO 


Human colon AdenoCa (SRCC755) [Corn] 




Gl 


A 


pT2 


pNO 


Human colon AdenoCa (SRCC756) [ColT9] 




G3 


D 


pT4 


pN2 


Human colon AdenoCa (SRCC7S7) [ColTl 1] 






B 


T3 


NO 


Human colon AdenoCa (SRCC758) [CoUl 8] 




MO,RO 


B 


pT3 


pNO 
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P]t>J A Preparation: 

DNA was pr^aied firm cultured cell lilies, primal^ The isolation 

was perfonned using purification kit, buffer set and protease and all from Quiagen, according to the 
manufactuiei's instructioiis and the description below. 
Cell culture lysis: 

Cells were washed and trypsinized at a c<»icentration of 7.5 x 10^ per t^ and pelleted by 
centrifuging at 1000 ipm for 5 minutes at 4**C, foUowed by washing again with 1/2 vohune of PBS 
lecentiifugation. The pellets were washed a third time, the suspended cells collected and washed 2x with 
PBS. The cells were then suspended into 10 mL PBS. Buffer CI was equilibrated at 4''C. Quiagen protease 
#19155 was diluted into 6.25 ml cold ddH20 to a final concentration of 20 mgMil and equilibrated at 4 ''C. 
10 mL of G2 Buffer was prepared by diluting Quiagen KNAse A stock (100 mg^) to a final concentration 
of 200 ^g/ml. 

Buffer CI (10 mL, 4''C) and ddH20 (40 mL, 4'*C ) were then added to the 10 mL of cell 
suspension, mixed by inverting and incubated on ice for 10 minutes. The cell nuclei were pelleted by 
centrifiigiqg in a Beckman swinging bucket rotor at 2500 ipm at 4 C for 1 5 minutes. The siq)eniatant was 
discarded and the nuclei were suspended with a vortex into 2 mL Buffer CI (at 4^C) and 6 mL ddHjO, 
followed by a second 4''C centrifugation at 2500 rpm for 15 minutes. The nuclei were then resuspended into 
the residua] buffer using 200 ^1 per tip. G2 buffer (10 ml) was added to &e suspended nuclei "vAsiXt gentle 
vortexing was ^plied Upon completion of buffer addition, vigorous vortexing was applied for 30 seconds. 
Quiagen protease (200 fil, prepared as indicated above) was added and incubated at 50''C for 60 minutes. 
Hie incubation and centrifugation was repeated until the lysates were clear (e.g., incubating additional 30-60 
minutes, pelleting at 3000 x g for 10 min., 4*'C). 

Solid human tumor sample prepaaradon and fysis: 

Tumor samples were weighed aiM) placed into 50 ml conical tubes and held on ice. Processing was 
limited to no more than 250 mg tissue per prqiaration (1 tip^preparation). Tbe protease solution was fie^y 
pillared by dilutiiig into 6^ ml cold ddH2Q to a final concentration of 20 mg/ml and stored at 4*'C. G2 
buffer (20 ml) was prqiared by dihiting DNase A to a final concentration of 200 mg/ml (from 100 mg/ml 
stock). The tumor tissue was homogenated in 1 9 ml G2 bafTer for 60 seconds using the large tip of die 
polytron in a laminar-Dow TC hood to order to avoid inhalation of aerosols, and held at room temperature. 
Between samples, the polytron was cleaned by spinning at 2 x 30 seconds each in 2L ddH^O, followed by G2 
buffer (50 ml), ff tissue was still present on the generator tip, the apparatus was disassembled and cleaned. 

Quiagen protease (prepared as indicated above, 1.0 ml) was added, followed by vortexing and 
incubation at 50*C for 3 hours. The XDCubation and centriiugaticti was rqieated until the lysates were clear 
(eg., incubating additional 30-60 minutes, pelleting at 3000 x g for 10 miiL, 4''C). 

Human blood preparation and lysis: 

Blood was drawn fiom healthy volunteers using standard infectious agent protocols and titrated into 
1 0 ml saRq>les per tip. (Quiagen protease was fieshly prq»ared by dilution into 6.25 ml cold ddHjO to a final 
concentration of 20 nigral and stared at 4''C. G2 buffer was prepared by diluting KNase A to a final 
concentration of 200 ^g/ml fiom 100 mg^l stock. The blood (10 ml) was placed into a 50 ml conical tube 
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and 10 ml C 1 buffer and 30 ml ddH,0 (both previously equilibrated to 4'*C) were added and the 
components mixed by inverting and held on ice for 10 minutes. The nuclei were pelleted with a Beckman 
swinging bucket rotor at 2500 rpm, 4°C for 1 5 minutes and the supernatant discarded With a vortex, the 
nuclei were suspended into 2 ml CI buffer (4^C) and 6 ml ddH^O (4*C). Vortexing was repeated until the 
pellet was while. The nuclei were then suspended into the residual bufifer using a 200 fil lip. G2 buffer (10 
ml) were added to the suspended nuclei while gently vortexing, followed by vigorous vortexing for 30 
seconds. Quiagen protease was added (200 ^1) and incubated at 50''C for 60 minutes. The incubation and 
centhfugation was repeated until the lysates were clear (e.g., incubating additional 30-60 minutes, pelleting 
at 3000 x g for 1 0 min., 4X). 

Purgation of cleared iysates: 

(1) Isolation of ecnomic DNA: 

Genomic DNA was equilibrated (1 sample per maxi tip preparation) with 1 0 ml QBT buffer. QF 
elution buffer was equilibrated at SO'^C. The samples were vortexed for 30 seconds, then loaded onto 
equilibrated tips and drained by gravity. The tips were washed with 2 x 1 5 ml QC buffer. The DNA was 
eluted into 30 ml silanized, autoclaved 30 ml Corex mbes with 15 ml QF buffer (SO^'C). Isopropanol (10.5 
ml) was added to each sample, the tubes covered with parafiGn and mixed by repeated inversion until the 
DNA precipitated Samples were pelleted by centrifugation in the SS-34 rotor at 1 5,000 rpm for 1 0 minutes 
at4*'C. The pellet location was marked, the supernatant discarded, and 10 ml 70% ethanol (4''C) was added 
Samples were pelleted again by centrifugadon on the SS-34 rotor at 10,000 rpm for 10 minutes at 4*^0. The 
pellet location was marked and the supernatant discarded The tubes were then placed on their side in a 
drying rack and dried 10 minutes at 37'C, taking care not to over dry the samples. 

After drying, the pellets were dissolved into 1 .0 ml TE (pH 8.5) and placed at 50**C for 1-2 hours. 
Samples were held overnight at 4 ''C as dissolution continued The DNA solution was then transferred to L5 
ml mbes with a 26 gauge needle on a tuberculin syringe. The transfer was repeated 5x in order to shear the 
DNA. Samples were then placed at 50''C for 1-2 hours. 

Quantitation ofgemmicDNA and preparation for gene ampHfication assay: 

Hie DNA levels in each tube were quantified by standard A^^h ^sn spectrophotom^ on a 1:20 
dilution (5 ^1 DNA + 95 yil ddH^Q) using the 0. 1 ml quartz cuvetts in the Beckman DU640 
q>ectrophotc»neter. A^JAjn ratios were in the range of 1 .8-1.9. Each DNA samples was then diluted 
fiudier to approximately 200 ng/ml in TE (pH 8.5). If the original material was highly concentrated (about 
700 ng/|il), the material was placed at 50**C for several hours until rcsuspended 

Fluoromethc DNA quantitation was then perfonned on the diluted material (20-600 ng/ml) using 
the manufacturer's guidelines as modified below. This was accomplished by allowing a Hoeffer DyNA 
Quant 200 fluorometer to wann-up for about 15 minutes. The Hoechst dye working solution (#H33258, 10 
pi, prepared within 12 hours of use) was diluted into 100 ml 1 x TNE buffer. A 2 ml cuvette was filled with 
the fluorometer solution, placed into the machine, and the machine was zeroed. pG£M 3Zf(+) (2 jil, lot 
#36085 1 026) was added to 2 ml of fluorometer solution and calibrated at 200 units. An additional 2 ^1 of 
pGEKI 32^+) DNA was then tested and the reading confirmed at 400 ± 10 units. Each sample was then 
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read at least in triplicate. When 3 samples were found to be within 10% of each other, their average was 
taken and this value was used as the quantification value. 

The fluoionietncly detennined concentration was then used to dilute each sample to 10 ng/fil in 
ddH>0. This was done simultaneously on all template samples for a single TaqMan^ plate assay, and with 
enough material to run 500-1000 assays. The samples were tested in triplicate with Taqman^ primers and 
probe both B-actin and GAPDH on a single plate with normal human DNA and no-template controls. The 
diluted samples were used provided that the Ct value of normal human DNA subtracted from test DNA was 
± 1 Ct The dihited, lot-qualified genomic DNA was stored in 1.0 ml aliquots at -SO^'C. Aliquots which 
u-ere subsequently to be used in the gene amplificatton assay were stored at 4''C. Each 1 mlaliquotb 
enough for 8-9 plates or 64 tests. 

Gene ampUfication assay: 

The CT-1 (cardiotrophin-1) compounds of the invention were screened in the following primary 
Oimors and the resulting ACt values are reported in Table 2. 

Table 2 



Screening of DNA58125 ACt values in hmg and colon primary tumor models 



Lung 
Tumor 
Panel 1 


ACt 


Lung 
Tumor 
Panel 2 


ACt 


CokMi 
Tunoor 
Pand i 


AQ 


Colon 
Tumor 
Pancl2 


ACt 


LTl.l 


-0.07 


LTll 


0.91 


Corn 


2.19 


Com 


1.17 


LTla 


0.79 


LT12 


1.05 


Com 


1.65 


ColT4 


1.10 


LT2 


0.25 


LT13 


136 


C01T8 


1.11 


ColT5 


2.03 


LT3 


0.92 


LT15 


2.20 


Como 


1.65 


C0IT6 


0.92 


LT4 


0.56 


LT16 


0.75 


Com2 


1.06 


ColT7 


0.28 


LT6 


0.45 


LT17 


131 


CoFTH 


1.63 


ColT9 


0.72 


LT7 


0.61 


LT18 


1.12 


com5 


1.26 


ColTll 


2.13 


LT9 


0.59 


LT22 


0.29 


com6 


1.30 


Corns 


0.77 


LTIO 


0.81 






corrn 


0.89 






S.D. 


0.02 




0.13 




0.13 




0.17 



CId: 

CT-1 (cardiottophin-lJDNA58125) was reexaniined with both fiamewoik and epira^ mapping 
using tumors selected from the above initial screen. Figures 3-8 and Tables 3 -5 provide the results of 
chromosome 16 mapping of the framework markers in lung and colon tumors. The framework markers are 
located approximately every 20 megabases and were used as controls for determining amplification. Tables 6-8 
and Figures 9-12 show the results of chromosome 16 mapping of the epicenter markers near DNA58 125. 
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Table 3 
Framework Markers 



Map Portion 


Stanford Human Genome Center Marker Name 


P7 


SHGC-2835 


P55 


SHGC-9643 


P99 


GATA7B02 


P154 


SHGC-33727 


P208 


SHGC-13574 



The AQvahies of the above desmbedfiaxiieworkmaikere 16 relative to CT-1 arc 

indicated for selected hmg and col<m tumors in Tables 4 and 5» respective^. 



Table4 

Amplification of firamework markers relative to DNA58125 in Lung Tumor 





Framework Markers (ACt) 


Lung 
Tumor 
Panel 1 


P7 


P55 


¥99 




l\cUo 


DNA 
58125 


LTl.l 


-3.62 


-0.07 


0.03 


-0.22 


-0.06 


0.18 


LTla 


-1.90 


-0.13 


0.10 


0.45 


OJ28 


0.75 


LT2 


-0.41 


-0.05 


0.07 


-0.07 


0.41 


036 


LT3 


0.18 


-037 


-0.17 


-0.18 


0.19 


LQ2 


LT4 


-3.58 


-0.25 


-0.13 


-0.05 


0.04 


0.65 


LT6 


-037 


-0.26 


0.05 


-0.23 


0.09 


0.34 


LT7 


-1.60 


-0.46 


ii4 


0.25 


-0.54 


0.43 


LT9 


-0.77 


-0.14 


0.33 


-0.18 


0.43 


036 


LTIO 


-2.60 


^.28 


0.20 


-0.02 


0.39 


0.50 


SD. 


0.36 


0.11 


0.01 


0.04 


0.21 


0.01 


Panel 2 














LTU 


-0.64 


-0.15 


-0.02 


-0.08 


-0.55 


0.86 


LT12 


-1.19 


-0.11 


-0.50 


-0.74 


-0.97 


LQQ 


LT13 


-0.31 


-0.27 


0.02 


-038 


-0.40 


L21 


LT15 


-0.90 


-1.90 


-0.07 


-0.18 


-039 


IM 


LT16 


-1.29 


-0.92 


-0.68 


-0.43 


-0.90 


0.97 


LT17 


-0.13 


-0.15 


0.02 


-0.15 


-0.52 


LQ2 
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LT18 




-0.43 


-0.04 


-0.13 


-0.45 




LT22 


-1.86 


-0.29 


-0.09 


-0.12 


-0.26 


0.05 
















S.D. 


0.30 


0.04 


0.09 


0.07 


0.28 


0.10 



Figures 3 and 4 provide a threeKiimeiisional grq>hical representatioD of the data in Table 4, Panels 1 and 2 
respectively. The huig tumois are plotted along die x-axis, the maikers and DHA58125 are plotted along die 
z-axis, and the relative amplification of dnomosoine 16 in the region of die maiicer is indicated along the y-axis 
by the height of the bar. Figure 5 is a two-dimensional bar graph sununaiizing the data in Table 4 for 
DNA58125 and showing that the cfaromosoma] DNA encoding CT-1 is amplified in some of the lung tumors 
(mean ACt values above 1.0 are single underlined and values above 2.0 are double underlined). 



Tables 

Amplification of framework markers relative to DNA58125 in Colon Tumors 





Framewoiic Markers (ACt) 


Colon 

Tumor 
Panel 1 


P7 


P55 


P99 


P154 


P208 


DNA 
58125 


CoIT2 


2.72 


0.93 


0.72 


0.48 


-0.13 


2.27 


ColT3 


0.01 


0.07 


0.53 


-0.27 


-0.52 


LM 


C0IT8 


-1.01 


1.05 


0.69 


0.60 


0.04 


JL23 


Como 


0.95 


0.84 


0.75 


-0.17 


-0.57 




C0ITI2 


-0.73 


0.49 


0.71 


0.60 


•0.88 


ua 


CoTTM 


-0.16 


1.49 


0.83 


0.33 


-038 


L24 


Com5 


-123 


0.72 


0.60 


-0.29 


-0.70 


L3Q 


Come 


0.05 


1.07 


0.59 


-0.13 


^.66 


0.93 


Com? 


0.27 


1.06 


0.83 


-0.15 


-0.77 


0.91 


S.D. 


0.15 


0.67 


0.88 


0.57 


0.49 


0.04 


Panel 2 














Com 


-0.73 


035 


-0,09 


0.05 


-0.03 




ColT4 


-0.99 


-0,07 


-0.61 


-0.43 


-0.09 


Ul 


ColTS 


0.09 


0.34 


-0.04 


-0.19 


-0.01 


2J1 


C0IT6 


-1.36 


-0.29 


-0.03 


-0.16 


0.27 


lAl 
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Coir? 


-1.36 


0.09 


-0.18 


-0.17 


-0.13 


0.24 


ColT9 


Ul 


0.29 


0.08 


0J22 


0.13 


0.95 


Comi 


1.03 


0.51 


-0.08 


0.61 


0.16 


m 


ColTlg 


032 


0.81 


0.74 


0.55 


0.36 


104 


S.D. 


0^ 


0.03 


0.27 


0,23 


0.26 


0.04 



Figures 6 and 7 provide a tfaree-dimeiisloDal grsq^hical representation of the data in Table 5» Panels 1 and 2 
respectively. The colon tumors are plotted along die x-axis, the maikm and DNA58125 are plotted along the 
z-axis» and the relative amplification of diromosome 16 in the rc^on of die marker is indicated along the y-axis 

10 by the height of the bar. Figure 8 is a two-dimensional bar graph summarizing the data in Table 5 for 

DNA58125 and showing tfiat the chromosomal DNA encoding CT-1 is amplified in several of the colon tumors 
(mean ACt values above 1 .0 are siiigle underlined and values above 2.0 are double underlined). 
Table 6 describes the qncenter markers that were employed in association with CT-1 (DNA58125). These 
markers are located in close proximity to DNA58 125 and arc used to assess the amplification status of the region 

15 of chromosome 16 in which DNA58125 is located The distance between individual markers is measured in 

centirays, which is a radiation breakage unit approximately equal to a 1% chance of a breakage between two 
maikers. One cR is very roughly equivalent to 20 kilobases. The marker SHGC-361 23 is the marker found to 
be die closest to the location on chromosome 16 \(diereDNA58125 most closely nii^)s. However, die Taqman''^ 
primers and probes for SHGC-2726 failed in our assay due to technical difficulties related to PGR. 



20 Table 6 

^icenter Markers 



Map Position 
on Chromosome 16 


Stanford Human Genome 
Center Marker Name 


Distance to Next Marker 
(cR') 


P89 


SHGC-11302 


27 


P90 


EST00087 


8 


P92 


SHGC-2726 


23 


DNA58125 






P93 


SHGC-36123^ 


42 


P94 


SHGC-35326 


23 


P95 


IB391 





* cR = Centiray. Distance between markers is measured in cR, which is a radiation breadage unit 
approximately equal to a one perent chance of a breakage between two markers. One cR corresponds 
roughly to 20 kilobases. ' 

SHGC-36123 is the marker to whidi DNA58 125 most closely maps. 
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Table 7 indicates the ACt values for results of epicenter mapping relative to DNA58125 in lung tumors, 
indicating the relative amplification in the region more immediate to the actual location of DNA58125 along 
chromosome 16. 

Table 7 



Amplification of Epicenter Markers Relative to DNA58125 in Lung Tumors 





P89 












UN A^O 1/3 


Panel 1 
















LTl.l 


-0.11 


0.00 


-0.10 


-0.52 


-0.01 


-0.13 


-0.02 


LTla.l 


-0.03 


0.00 


0.06 


0.19 


-0.33 


-0.25 


0.65 


LT2,2 


0.02 


0.00 


0.17 


-0.32 


O.Il 


-0.13 


038 


LT3.1 


-0.15 


0.00 


0.05 


0.10 


0.13 


0.04 


0.77 


LT42 


0.08 


0.00 


0.02 


-0.72 


0.15 


-0.43 


036 


LT6.1 


-0.82 


0.00 


-0.40 


-1.18 


0.09 


0.23 


0.07 


LT7.1 


0.09 


0.00 


-0.04 


0.03 


0.29 


0.32 


0.41 


LT9.1 


-0.09 


0.00 


0.12 


0.04 


0.18 


0.09 


0.40 


LTlO.l 


-1.65 


0.00 


-0.79 


0.78 


0.00 


-0.93 


-0.43 


S.D. 


0.29 


Failed 


0.25 


0.88 


0.04 


0.18 


0.11 


Panel 2 
















LTll.l 


0.15 


0.00 


0.17 


0.10 


0.23 


0.31 


0.91 


LT12.1 


-1.03 


0.00 


-0.07 


-0.30 


0.29 


0.27 


LQ2 


LT13.1 


0.42 


0.00 


0.44 


-0.12 


0.23 


0.27 


1.52 


LT15.1 


0.48 


0.00 


0.35 


0.37 


0.00 


OJ22 


2.04 


LT16.2 


-0.09 


0.00 


-0.47 


-0.62 


0.32 


0.54 


LQ2 


LT17.2 


0.81 


0.00 


0.46 


0.72 


0.46 


0.45 


132 


LT18^ 


-0.10 


0.00 


-0.35 


-0.56 


033 


-0.53 


0.56 


LT22.1 


0.75 


0.00 


0.67 


0.14 


0.13 


-0.16 


0.22 


SJ>. 


0.17 


Failed 


0.03 


0.06 


0.18 


0.13 


0.17 
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Table 8 indicates the AGt values for results of epicenter mapping relative to DNA58125 in hmg tumors, 
indicating the relative amplification m the region more immediate to the actual location of DNA58125 along 
chromosome 16. 

Tables 

5 Amplification of Epicenter Markers Relative to DNA58 125 in Colon Tumofs 





P89 


P90 


P92 


P93 


P94 


P95 


DNA58125 


Panel 1 
















Corn 


0.17 


0.00 


0.18 


0.41 


0.17 


0.05 


1.07 


ColT3 


-0.73 


0.00 


-0.50 


-1.04 


0.21 


-0.61 


0.66 


C0IT8 


0.54 


0.00 


0.59 


0.76 


0.46 


0.52 


2.27 


ColTlO 


0.46 


0.00 


0.29 


0.32 


0.46 


0.12 


L5Q 


C0ITI2 


0.09 


0.00 


-0.15 


0.05 


0.57 


0.01 


0.81 


ColTH 


0.37 


0.00 


022 


-0.84 


0.50 


0.43 


0.47 


C0ITI6 


0.50 


0.00 


0.14 


0.15 


0.64 


0.08 


2M 


C0ITI7 


0.15 


0.(M) 


0.26 


-0.42 


0.07 


-0.02 


0.82 


SJ). 


0.01 


Failed 


0.06 


0.02 


0.06 


0.12 


0.04 


Panel 2 
















Corn 


0.40 


0.00 


0.22 


0.33 


OSLl 


0.68 


222 


Corr4 


-0.20 


0.00 


-0.21 


0.81 


0.13 


-0.07 


1.49 


corrs 


0.25 


0.00 


0.17 


-0.30 


0.14 


-0.12 


0.71 


C0IT6 


038 


0.00 


0.39 


0.31 


0.21 


0.01 


LSI 


Corn 


0.37 


0.00 


0.19 


0.44 


0.27 


-0.12 


1.20 


conp 


0.53 


0.00 


0.47 


0.52 


0.20 


0.20 


LfiZ 


ColTll 
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DISCUSSION 

The ACt values for DNA58125 (CT-i) in a variety of lung and colon tumors are reported in Tables 2 (initial 
screen), 4 and 5 (showing amplification by framework analysis relative to maikers elsewhere on Chromosome 
]6)» 7 and 8 (showing amplification by epicenter analysis relative to mailceis in the chramosomal area that 
30 DNA58125 is located), as well as in Figures 3-12. A ACt value > 1 (values with a single underline) was 
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typically used as the threshold value for amplification scoring, as this represents a doubling of the gene copy. 
Table 4 indicates that significant amplification of DNA58125 occurred in primary lung tumors LT3, LT12, 
LT13, LT15, LT17, and LT18. The average ACt values were L02, hOO, 1.33, 1.83, 1.03, 1.08, respectively, 
for the lung tumors. This rcfnesents approximately a 2.0, 2.0, 2.5, 3.6, 2.0, and 2.1 fold increase, respectively, 
in gene copy for the lung tumors relative to normal tissue. 

Table 5 indicates that significant an^lificatian of DNA58125 occuned in primaiy colon tumors CoTH, ColTB, 
CoITg, ColTlO, C0ITI2, Com4. Corns, Coiri, com, CorrS, Corr6, Corri l and CorriS. The average AQ 
values were 2^7. 1.34. 1.23, 1.74, 1.13, 1.74. 130, 1.08, 1.13, 2.17, 1.41. 2.24 and 1.04, reflectively forAe 
colon tumors. Hiis rqnesents qiproximately a 4.8, 2 J, 23, 33, 2.2, 33, 2.5. 2.1, 2.2, 4.5, 2.6, 4.7 and 2.0 fold 
increase in gene copy, respective^, for the colon tumois relative to ncnnal tissue. 

In contrast^ the anqilifkation of the closest known maikers (lables 7 and 8) are not anq>lified to a gfeater extent 
than DNA58 1 25. Amplification of the closest maikers to DNA58 1 25 does not occur to a greater extent than that 
of DNA58125. This strongly suggests that DNA58125 is the gene that is the cause for the amplification of the 
particular region on Chromosome 16. 

Because amplification of DNA58 125 (CT-1) occurs in various tumors, it is likely to play a significant role in 
tumor formation or growth. As a result, antagonists (e.g., antibodies) directed against the protein encoded by 
DNA58125 (CT-l) would be expected to be useful in cancer dierq>y. 

EXAN!PLE2 

In situ hybridization is a powerful and versatile technique for the detection and localization of nucleic acid 
sequences within ceU or tissue prqmations. It may be useful, for example, to identify sites of gene expressicMi, 
analyze the tissue distnbution of transcription, identify and localize vital infection, follow changes in specific 
mRNA synthesis and aid in chromosome mapping. 

Studies of tissue distribution of cardiotrophin-1 in human tissue was assessed in related U.S. Application 
08/286304 filed August 5, 1994, now U.S. Patent No. 5,571,893 issued November 5, 1996, herein incorporated 
by reference in its entirety. Such studies are also described by Peimica, D. et al in Cytokine 8(3):183-9 (1996), 
bmin incorporated by reference in its entirety. Poly (A)^RNA fi:oai several adult human tissues was screened 
using a probe fiom mouse CT-1 cDNA clones. Blot hybridization with a 180 bp nK)use CT-1 probe (extending 
ftom 19 bp 5' of the initiating ATG through amino add 50) in 20% fonnamide, 5 X SSC at 42 *'C with a final 
washat0.25XSSCat52*'C. A 1.7kbCT-l mRNA was sbo\ra to be expiessed in aduh human heart, skeletal 
muscle, ovary, colon, prostate and testis and in fetal kidney and lung. 

In situ hybridization may also be performed following an optimized version of the protocol by Lu and 
Gillett, Cell Vision 1: 169-176 (1994), using PCR-generated ^P-labcledriboprobes. Briefly, formalin-fixed, 
parafim-embedded human tissues are sectioned, deparaffinized, deproteinated in proteinase K (20 g/ml) for 15 
minutes at 37^C, and further processed for in situ hybridization as described by Lu and GiUett, supra. A {^^-P] 
UTP-labeled antisense riboprobe iss generated finom a PCR product and hybridized at 55 "C overnight Hie 
slides are dipped in Kodak NTB2 nuclear track emulsion and exposed for 4 weeks. 
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^P-Riboprobg synthesis 

6.0 ^il (125 mCi) of ^P-UTP (Amcrsham BF 1002, SA<2000 Ci/mmol) were speed vac dried. 
To each tube containing dried ^^-UTP, the following ingredients were added: 
2.0 ftl Sx transcription buffer 
l.OfilDTr(lOOniM) 

2.0 ^1 NTP mix (2.5 mM : 10 Ml; each of 10 mM GTP, CIP & ATP + 10 ^l H2O) 

1.0MlUTP(50fiM) 

l.OplRnasin 

1.0 Ml DKA tenq>]ate (]|ig) 
I.OmIH^O 

1 .0 Ml RNA polymerase (for PGR products T3 = AS, T7 = S, usually) 
The tubes were incubated at 3VC for one hour. 1 .0 m1 I^QI DNase were added, followed by incubation 
at37**Cfor 15 minutes. 90 m1 TE (10 mM Tris pH 7.6/lmM EDTA pH 8.0) were added, and the niixture was 
pipetted onto D£8 1 paper. The remaining solution was loaded in a Microcon-50 ultrafQtration unit, and spun 
using program 10 (6 minutes). The fUtration unit was inverted over a second tube and spun using program 2 
(3 minutes). After the final reooveiy spin, 100 yl TE wm added 1 m^ of the final product was pipetted on 
DE81 paper and counted in 6 ml of BiofhiorlL 

Ihe probe was nm on a IBEAirea gel. 1-3 \iX of the probe or 5 m^ of RNA Mrk III were added to 3 m^ 
of loading buffer. After heating on a 95*'C heat block for three minutes, the gel was immediately placed on ice. 
The wells of gel were flushed, the san^le loaded, and run at 1 80-250 voHs for 45 minutes. The gd was wnqpped 
in saian wrap and exposed to XAR film with an inten^fying screen in -70'*C freezer one hour to overnight 

Pretreatment of frozen sections The slides were removed from the freezer, placed on aluminum 
trays and thawed at room temperature for 5 minutes. The trays were placed in 55 ''C incubator for five minutes 
to reduce condensation. The slides were fixed for 1 0 minutes in 4% parafoimaldehyde on ice in the fume hood, 
and washed in 0.5 x SSC for 5 minutes, at room temperature (25 ml 20 x SSC + 975 ml SQ H2O). After 
deproteination in 0.5 mS^ proteinase K for 10 minutes at 37X (12^ m1 of 10 mg/ml stock in 250 ml 
prewarmed KNase-fiee RNAse buffer), the sections were washed in 0.5 x SSC for 10 minutes at room 
temperature. The sections wore dehydrated in 70%, 95%^ 100% ethanol, 2 minutes each. 

J^treatment of pamjgbt-embedded sections The slides were dq>araffinized, placed in SQ H2P, and 
rinsed twice in 2 x SSC at room temperature, for 5 minutes each tinie. The sections were deproteinated in 20 
Mg/ml proteinase K (500 ii\ of 10 mg/ml in 250 ml RNase-finee RNase buffer; 37*'C, 15 minutes ) • human 
embryo, or 8 x proteinase K (1 00 m1 in 250 ml Rnase buffer, 37°C, 30 minutes) - fmnalin tissues. Subsequent 
rinsing in 0.5 x SSC and dehydration were performed as described above. 

Frehybridization The slides were laid out in plastic box lined with Box buffer (4 x SSC, 50% 
fonnamide) - saturated filter paper. The tissue was covered with 50 m1 of hybridization buffer (3.75g Dcxtran 
Sulfate + 6 ml SQ HjO), vonexed and heated in the microwave for 2 minutes with the cap loosened. After 
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cooling on ice, 1 8.75 ml fonnamide, 3.75 ml 20 x SSC and 9 ml SQ VLJO were added, the tissue was vortexed 
well, and incubated at 42**C for 1-4 hours. 

Hybridization 1.0 x 10^ cpm probe and 1.0 ^ tRNA (50 mg/ml stock) pd* slide were heated at 95*^0 
for 3 minutes. The slides were cooled on ice, and 48 ^1 hybridization buffer were added per slide. After 
vortexing, 50 jil ^ mix were added to 50 \il prehybridization on slide. The slides were incubated overnight at 
55**C. 

Washes Washing was done 2x10 minutes with 2xSSC,EiyrA at room teniperature (400 
+ 16 ml 0.25M EDTA. Vf=4L). followed by RNaseA treatment at 37*^0 for 30 minutes (500 ^1 of 10 mg/ml in 
250 ml Rnase buffer ^ 20 (igAnl), The slides were washed 2x10 minutes with 2 x SSC, EDTA at loom 
temperature, lliestnngency wash conditions were as follows: 2 hours at 55 "C,OJ x SSC, EDTA (20 
SSC + 16 ml EDTA, Vr=4L). 

EXAMPLE3 
Use of CT-1 as a hybridization probe 
The following method describes use of a nucleotide sequence encoding a CT-l polypeptide as a 
hybridization probe. 

DNA comprising the coding sequaicc of fuU-length or mature CT-1 (as shown in Figure 1, SEQ ID 
N0:1 and 2) is employed as a probe to screen for homologous DNAs (such as diose encoding naturally- 
occuiring variants of CT-1) in human tissue cDNA lilxaries or human tissue genomic libraries. 

Hybridization and washing of fihas containing either library DNAs is performed under the following 
high stringency conditions. Hybridization of nkdiolabded CT-l-derived piobe to the filters is performed in a 
sohition of 50% formamide, 5x SSC, 0.1% SDS, 0.1% sodium pyrophosphate, 50 mM sodium phosphate, pH 
6.8, 2x Denhardf s sohition, and 1 0% dextran sulfate at 42*<: for 20 bouis. Washing of the filters is performed 
in an aqueous sohition of O.lx SSC and 0.1% SDS at 42*<:. 

DNAs having a desired sequence identity with the DNA encoding full-length native sequence CT-1 can 
then be identified using standard techniques known in the art 

EXAMPLE4 
Fjcpression of CT-1 in E. coli 
This example illustrates preparation of an unglycosylated form of CT-1 by recombinant expression in 

Rcoli. 

The DNA sequoice encoding CT-l (SEQ ID N0:1) is initially amplified using selected PCR primers. 
The primers should contain restriction en^me sites which correq>ond to die restriction en^^e sites on the 
selected expression vector. A vari^ of expression vectors may be employed. An example of a suitable vector 
is pBR322 (derived torn E. coU; see Bolivar et al.. Gene. 2:95 ( 1 977)) which contains genes for ampicillin and 
tetracycline resistance. The vector is digested with restriction enzyme and depho^hwylated. The PCR 
amplified sequences are then ligated into the vector. The vector will preferably include sequences which encode 
for an antibiotic resistance gene, a trp promoter, a polyhis leader (including the first six STO codons, polyhis 
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sequence, and CTterokinase cleavage site), the CT-I coding region, lambda transcriptional tenninator, and an 
aigU gene. 

The ligation mixture is then used to transform a selected E. coli strain using the methods described in 
Sambrook et al., supra, Transfonnants are identified by their ability to grow on LB plates and antibiotic resistant 
colonies are then selected. Plasmid DNA can be isolated and confirmed by restriction analysis and DNA 
sequencing. 

Selected clones can be grown overnight in liquid culture medium such as LB broth siqiplemented wi& 
antibiotics. The overnight culture may subsequently be used to inoculate a larger scale culture. The cells are 
then grown to a desired optical density, during which the expnession promoter is turned on. 

After culturing the cells for several more hours, the cdls can be hiuvested by cent^ Hiecell 
pellet obtained by the centriiugation can be sohibilized using various agents known in the art, and the sotubilized 
CT-l protein can then be purified using a metal chdating.cohimn under conditions that allow tight binding of 
the protein. 

CT-1 is expressed in E, coli in a poly-His tagged form, using the following procedure. The DNA 
encoding CT-l is initially anq:>lified using selected PGR primers. The primers contain restriction enz^ne sites 
which correspond to the restriction enzyme sites on die selected expression vector, and other useful sequences 
providing for efficient and reliable translation initiation, rapid purification on a metal chelation columii, and 
proteolytic removal with enteroldnase. The PCR-amplified, poly-His tagged sequences are then ligated into 
an expression vector, which is used to transform an K coUhosX based on strain 52 (W31 10 fiihA(tonA) Ion galE 
ipoHts(htpRts) clpP(lacIq). Transfonnants are first grown in LB containing SO mg/ml carbeoicillin at 30^C with 
shaking until an OJ>.600of3-5 is reached. C^turcs were then diluted 5(X-1 00 fold iiito CRAP media (pnip^^ 
by mixing 3.57 g O^J^SO* 0.71 g sodmrn citrBte'2H20, 1.07 g KCl, 536 g Difco yeast extract, 5.36 g 
Sheffield hycase SF in 500 mL water, as well as 1 10 mM MPOS, pH 73, 0.55% (w/v) ghicose and 7 mM 
MgS04) and grown for proximately 20-30 hours at 30^ with shaking. Samples are removed to verify 
expression by SDS-PAGE analysis, and die bulk culture is centrifuged to pellet the cells. Cell pell^ are fix)zen 
until purification and refolding. 

E, co/i paste fixnn 0.5 to 1 L fermentations (6-10 g pellets) is resuspended in 10 volumes (wA^) in 7 M 
guanidine, 20 mM Tris, pH 8 buffer. Solid sodium sulfite and sodium tetrathionate is added to make final 
concentrations of 0. IM and 0.02 M, reflectively, and ^ solution was stirred overnight at 4^C. Tliis stq> results 
in a denatured protein with all cysteine residues blocked by sulfitolization. The solution is centrifuged at 40,000 
rpm in a Beckman Ultracentifiige for 30 min, The supernatant is dihited with 3-5 vohunes of metal chelate 
colunm buffer (6 M guanidine, 20 mM Tris, pH 7.4) and filtered tfuough 0.22 micron filters to clarify. 
Depending the clarified extract is loaded onto a 5 ml Qiagen Ni-NTA m^ chelate column equilibrated in the 
metal chelate column buffer. The column is washed with additional buffer containing 50 mM imidazole 
(Calbiochem, Utrol grade), pH 7.4. The protein is ehited with buffer containing 250 mM imidazole. Fractions 
containing the desired protein are pooled and stored at 4^C. Protein concentration is estimated by its absoibance 
at 280 nm using the calculated extinction coefficient based on its amino acid sequence. 
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The proteins are refolded by diluting sanqjle slowly into freshly pr^ared refolding buffer consisting 
of: 20 mM Tris, pH 8.6, 0.3 M NaCl, 23 M uiea, 5 mM cysteine, 20 mM glycine and 1 mM EDTA. Refolding 
vohimes are chosen so that Ae final protein concentration is between 50 to 1 00 micrograms/ml. The refolding 
sohition is stirred gently at 4**C for 12-36 hours. The refolding reaction is quenched by the addition of TFA to 
a final concentration of 0.4% (pH of aj^roximately 3). Before further piuificatiQn of Ae protein, the sohition 
is filtered through a 0^ micron filter and acetonitrile is added to 2-10% final concentration. The refolded 
protein is chnnnatQgr^hed on a Poros Rl/H reveised phase cohunn using a mobile buffer of 0.1% TFA with 
ehition with a gradient of acetonitrile fiom 10 to 80%. Aliquots of fractions with Ajn absorbance are analyzed 
on SDS polyacrylamide gels and fiactions containiiiig homogeneous refolded protein are pooledL Generally, die 
properly refolded species of most proteins are ehited at fbc lowest concentrations of acetonitrile since those 
species are die most cofi4>act widi their hydrophobic interiors shiekted fiom interaction with the reversed j^iase 
resin. Aggregated species are usually eluted at higher acetonitrile concentrations. In addition to resolving 
misfolded forms of proteins fitmi the desired form, the reversed phase step also removes endotoxin from die 
samples. 

Fractions containing the desired folded CT-1 proteins, respectively, are pooled and the acetonitrile 
removed using a gende stream of nitrogen directed at the solution. Proteins are formulated into 20 mM Hepes, 
pH 6.8 with 0.14 M sodium chloride and 4% mannitol by dialysis or by gel fDtration using G25 Superfine 
(Pharmacia) resins equ]hl>rated in the formulation buffer and sterile filtered. 

EXAMPLES 
Fjtpressjonof CT-I in mammalian cells 
This example illustrates preparation of a glycosylated form of CT-1 fay recombinant expression in 
numimalian cells. 

The vector, pRK5 (see HP 307,247, published March 15, 1989), is employed as die expression vector. 
Optionally, the CT-1 DNA is ligated into pRK5 widi selected restriction enzymes to allow insertion of the CT-1 
DNA using ligation mediods such as described in Sambrook et al., supra . The resulting vector is called pRK5- 
CT-1. 

In one embodiment, die selected host cells may be 293 cells. Human 293 cells (ATCCCCL 1573) are 
grown to confluence in tissue culture plates in medium such as DMEM siq>plemented with fetal calf serum and 
optionally, nutrient components and/or antibiotics. About 10 \ig pRK5-CT-l DNA is mixed widi about 1 |ig 
DNA encoding die V A RNA gene fniimmappaya et aL, 21:543 ( 1 982)] and dissolved in 500 ^l of 1 mM 
Tris-HCl, 0.1 mM EDTA, 0^7 M CaCl^. To dus mixture is added, dropwise, 500 pi of 50 mM HEPES (pH 
735), 280 mM NaCl, 1.5 mM NaP04, and a precipitate is aUowed to form for 10 minutes at 25*C The 
precipitate is suspended and added to the 293 cells and allowed to setUe for about four hours at 37°C. The 
culture medium is aspirated off and 2 ml of 20% glycerol in PBS is added for 30 seconds. The 293 cells are then 
washed with serum Gtec medium, fiesh medium is added and the cells are incubated for about 5 days. 

Approximately 24 hours after die transfections, the culture medium is removed and replaced widi 
culture medium (alone) or culture medium containing 200 fiCi/ml ^^ysteine and 200 nCi/ml ^mediionine. 
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• After a 1 2 hour incubation, the conditioned medium is collected, concentrated on a spin filter, and loaded onto 
a 15% SDS gel. The processed gel may be dried and exposed to fibn for a selected period of time to reveal the 
presence of CT-1 polypq)tide. The cultures containing transfected cells may undergo further incubation (in 
serum firee medium) and the medium is tested in selected bioassays. 
5 In an alternative technique, CT-1 DNA may be introduced into 293 cells transiently using the dextran 

sulfate method described by Somparyrac et al.. Pioc Natl. Acad. Sci. , J2:7575 (1981). 293 cells are grown to 
maximal density in a pinner flask and 700 fig pRK5- CT- 1 DNA is added. The cells are first concentrated frran 
the spinner flask by centrifiigation and washed with PBS. The DNA-dextran precipitate is incubated on the cell 
pellet for four hours. The cells are treated with 20% glycerol for 90 seconds, washed with tissue culture 

10 medium, and re-introduced into the pinner flask containing tissue culture medium. 5 fig/ml bovine insulin and 

0.1 ^g/ml bovine transfenia After about four days, die conditioned media is centrifuged and filtered to remove 
cells and debris. The sample containing expressed CT-1 can then be concentrated and purified by any selected 
method, such as dialysis and/or column chnHnatogrq>hy. 

In another embodiment, CT-1 can be expressed in CHO cells. The pRKS- CT-1 vector can be 

1 5 transfected into CHO cells using known reagents such as CaP04 DEAE-dextran. As described above, Ihe cell 

cultures can be incubated, and the medium replaced with culture medium (alone) or medium ccMitaining a 
ladiolabel such as ^-methionine. After determining the presence of CT-1 polyp^tide, the culture medhmi 
may be replaced with serum free medium. Preferably, the cultures are incubated for about 6 days, and then the 
conditioned medium is harvested The medium containing the expressed CT-^l can then be concentrated and 

20 purified by any selected mediod. 

^itope-taggcd CT-12 may also be expressed in host CHO cells. The CT-1 may be subcloned out of 
the pRKS vector. The subclone insert can undergo PCR to fuse in ftame with a selected epitope tag such as a 
poly-His tag into a Baculovirus expression vector. The poly-His tagged CT-1 insert can then be subcloned into 
a SV40 driven vector containing ia selection maricer such as DHFR for selection of stable clones. Finally, the 

25 CHO cells can be transfected (as described above) with the SV40 driven vector. Labeling may be performed, 

as described «bove, to verify exjwession. The culture medium containing the expressed poly-His tagged CT-1 
can then be concentrated and purified by any selected mediod, such as by NP-chelate affinity chromatography. 

CT-lwas e3q>ressed in CHO cells by both a transient and a stable expression procedure. Stable 
expression in CHO cells was performed using the following fffocedure. The proteins were expressed as an IgG 

30 construct (immunoadhesin), in which the coding sequences for die soluble forms (e.g. extracellular domains) 

of the respective proteins were fused to an IgGl constant region sequence containing the hinge, CH2 and CH2 
domains and/or is a poly-His tagged form. 

Following PCR anq>lification, the DNA58125 is subcloned in a CHO expression vector using standard 
techniques as described in Ausubel el al., Current Protocols of Molecular Biology, Unit 3.16, John Wiley and 

35 Sons ( 1997). CHO expression vectors are constructed to have compatible restriction sites 5 * and 3' of the DNA 

of interest to allow the convenient shuttling of cDNA's. The vector uses expression in CHO cells is as described 
in Lucas et al., Nucl, Adds Res, 2A: 9 (1774-1779 (1996), and uses the SV40 eariy promoter/enhancer to drive 
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expression of the cDNA of intoest and dihydrofolate reductase (DHFR). DHFR expression pennits selection 
for stable maintenance of the plasmid following transfecti<m. 

Twelve micrograms of the desired plasmid DNA were introduced into proximately 10 million CHO 
cells using commercially available transfection reagents Superfect* (Quiagen), Dosper® or Fugene«*(Boehringer 
Mannheim). The cells were grown and described in Lucas et al., supra. Approximately 3 x 10 ' cells are fiozcn 
in an ampule for further growth and production as described below. 

The ampules containing &e plasmid DNA were thawed by placement into a water bath and mixed by 
vortexing. The contents were pipetted into a centrifuge tube containing 10 mLs of ^ 
) 000 tpm fOT 5 minutes. The si4>ematant was aspirated and the cells were resuspended in 10 mL of selective 
media (0.2 \un filtered PS20 with 5% 02 diaffltered fetal bovine scrum). The cells were then aliquoted mto 
a 100 mL spinner contaming 90 mL of selective media. After 1-2 days, Ae cells were transfcnred mto a 250 mL 
spinner filled with 1 50 mL selective growth medium and hKubated at 37** C. After another 2-3 days, a 250 mL, 
500 mL and 2000 mLspinncfs were seeded with 3 X itfcells/mL. The ceU media was exchanged widi fresh 
media by centrifiigation and lesuspension in production medhmi. Although any suitable CHO media may be 
anployed,aproduction medium described in US Patent No. 5,122,469, issued June 16, 1992 was actually used 
3L production pinner is seeded at 1.2 X 10* cells/mL Onday 0, the cell number pH were dc^ennined. Onday 
1 , the pinner was sampled and spargmg widi filtered air was commenced. On day 2, the pinner was san^pled, 
the temperature shifted to 33"C, and 30 mL of 500 g/L glucose and 0.6 mL of 10% antifoam (e.g., 35% 
polydimethylsiloxane emulsion. Dow Conung 365 Medical Grade Emulsion). Throughout Ae production, pH 
was adjusted as necessaiy to maintain a pH of about 7.2. After 10 days, or until viability dropped below 70%, 
the ceU culture was harvested by ccntriiugtion and ffltcring through a 0.22 ^mfih^ Ihe filtrate was eidier 

stored at 4**C or immediately loaded cmto cohmms for purification. 

For the poly-His tagged constructs, the proteins were purified using a Ni-NTA column (Qiagen). 
Before purification, imidazole was added to the conditioned media to a concentration of 5 mM. The conditiwied 
media was pumped onto a 6 ml Ni-NTA column eqmlibrated in 20 mM Hepes, pH 7.4, buffer containmg 03 
M NaCl and 5 mM imidazole at a flow rate of 4-5 ml/min. at 4°C. After loading, the colunm was washed with 
additional equDibration buffer and the protein cluted with equililnration buffer containing 0.25 M imidazole. The 
highly purified protein was subsequently desalted into a storage buffer containing 10 mM Hepes, 0.14 M NaQ 
and 4% mannitol, pH 6.8, with a 25 ml G25 Superfine (Phannacia) cohmm and stored at -80*C. 

CT-1 may be produced by transient expression in COS cells, as well, using standard techniques. 

EXAMPLE6 
Expression o f CT-I in Yeast 
The following method describes recombinant expression of CT-1 in yeast. 

First, yeast expression vectors are constructed for intracellular production or secretion of CT-1 from 
the ADH2/GAPDH promoter. DNA58125 encoding CT-1 and the promoter is inserted into suitable restriction 
enzyme sites in the selected plasmid to direct mtracellular expression of CT-1 . For secretion, DNA encoding 
CT-1 can be cloned into the selected plasmid, together with DNA encoding the ADH2/GAPDH promoter, a 
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native CT-1 signal pcjphde or other manunalian signal peptide, or, for example, a yeast alpha-fector or invertase 
secr^ory signal/leader sequence, and linker sequences (if needed) for expression of CT-1. 

Yeast cells, such as yeast strain ABllO, can then be transformed with the exjM^ion plasmids described 
above and cultured in selected fenmentation media. The transformed yeast supematants can be analyzed by 
precipitation with 10% trichloroacetic acid and separation by SDS-PAG£» foUowed by staining of the gels with 
Coomassie Bhie stain. 

Recombinant CT-1 can subsequently be isolated and purified by ranoving the yeast cells from the 
fennentation medium by centrifugation and then concentrating die medium using selected cartridge filters. The 
concentrate containix^ CT-1 may further be purified using selected cohunn chromatography resins. 

EXAMPLE? 

Expressiop of CT-1 in PaculQviA>s-Infectcd Insect Cells 

The following method descnbes recombinant CT>] expjiession in Baculovirus-infected insect cells. 

The sequence coding for CT-I is fused upstream of an epitope tag contained within a baculovirus 
expression vector. Such epitope tags include poly-His tags and immunoglobulin tags Gike Fc regions of IgG). 
A variety of plasmids may be employed, including plasmids derived from conuneicially available plasmids such 
as pVL1393 (Novagen). Briefly, the sequence encoding CT-l or die desired pordon of the coding sequence of 
CT-1 (such as the sequence encoding the extracellular domain of a transmembrane protein or the sequence 
encoding the mature protein if the protein is extracellular) is anq>lified by PCR with primers complementaiy to 
the 5' and 3' regions. The 5' printer may incoipcvate flanldng (selected) restriction enz^^ The product 
is then digested with those selected restriction enzymes and subcloned into die expression vector. 

Recombinant baculovirus is generated by co-transfecting the above plasmid and BaculoGolcP* virus 
* DNA (Phaimingen) into Spodoptera frugiperda CSf?") cells (ATCC CRL 1711) using lipofectin (commercially 
available from GEBCOBRL). After 4-5 days of incubation at 28*C, the released viruses are harvested and used 
for further amplifications. Viral infection and protein expression are performed as described by OHeilley et aL, 
Baculovirus expression v ectoTs: A Laboratory Manual, Oxford: Oxford University Press (1994). 

Expressed poly-His tagged CT-1 can then be purified, for example, by Ni^-chelate affinity 
chromatography as follows. Extracts are prepared from recombinant virus-infected Sf9 cells as described by 
Rupert et aL, Nature . 3fi2: 175-1 79 (1993). Briefly* Sf9 cells are washed, resuqiended in scmication buffer (25 
mL Hepes, pH 7.9; 12.5 mM MgCl,; 0.1 mM EDTA; 10% glycerol; 0.1% NP-40; 0.4 M KQ), and sonicated 
twice for 20 seconds on ice. The som'cates are cleared by centrifugation, and the supernatant is diluted 50-fold 
in loading buffer (50 mM phosphate, 300 mM NaCl, 10% glycerol, pH 7.8) and filtered dirough a 0.45 Aon filter. 
A Ni^-NTA agarose column (c(»nmercially available frcnn Qiagen) is prq>ared with a bed volume of 5 mL, 
washed with 25 mL of water and equilibrated with 25 mL of loading buffer. The flitted cell extract is loaded 
onto the column 0.5 mL per minute. The column is washed to baseline Ajg^ with loading buffer, at which point 
fraction collection is started. Next, the column is washed with a secondary wash buffer (50 mM phosphate; 300 
mM NaCl, 10% glycerol, pH 6.0), which ehites nonspecifically bound portein. After reaching Ajgo basdine 
again, the cohimn is devel(q>ed with a 0 to 500 mM imidazole gradient in the secondary wash buffer. One mL 
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fractions are collected and analyzed by SDS-PAGE and silver staining or Western blot with Ni^-NTA- 
conjugated to alkaline phosphatase (Qiagen). Fractions containing the ehited His lo-tagged CT-1 are pooled and 
dialyzed against loading buffer. Alternatively, purification of the IgG tagged (or Fc tagged) CT-1 can be 
perfonned using known chromatography techniques, including for instance. Protein A or Protein G column 
chromatography. 

While the CT-1 expression is perfonned in a 0.S-2L scale, it can be readily scaled up for larger (e,g. 
8L) preparations. CT-lis also expressed as an IgG ccmstnict(immunoadhesin), in wfaidi the p 
region is fused to an IgOl constant region sequence containing the hinge, CH2 and CH3 domains and/or in poly* 
His tagged forms. 

Following PGR anq>li£ication, the coding sequence is subcloned into a baculovirus expression vector 
(pb.PH.IgG for IgG fusions and pb J^H JIis.c for poly-His tagged pipteins), and the vector and Baculogold® 
baculovirus DNA (Phanningen) is co-transfected into 105 Spondoptera frugiperda f *S£9*') cells (ATCC CRL 
1711), using Lipofectin (Gibco BRL). pbJ*H.IgG and pbJ*HJlis are modifications of the commercially 
available baculovirus expression vector pVL1393 (Phanningen), with modified polylinker regions to include 
the His or Fc tag sequences. The cells are grown in Hink's TNM-FH medium supplemented with 10% FBS 
(Hyclone). Cells are incubated for 5 days at 28 X. The supernatant is harvested and subsequendy used for the 
first viral amphfication by infecting Sf9 cells in Hink*s H^-FH medium supplemented with 10% FBS at an 
q)proximate multiplicity ofinfection(MOI) of 10. CeUs are incubated for 3 days at 28 The supernatant is 
harvested and the expression of the constructs in the baculovirus expression vector is determined by batch 
binding of 1 mL of sq)ematant to 25 mL of of NI-NTA beads (Qiagen) for histidine tagged proteins or Protein- A 
Sepharose CL-4B beads (Pharmacia) for IgG tagged protdns followed by SDS-PAGE analysis comparing to 
a known concentration of protein standard by Coomassie blue staining. 

The first viral amplification supernatant is used to infect a spinner culture (500 mL) of SG cells grown 
in ESF-921 medium (Expression Systems LLQ at an qjfnroximate MOT of 0.1. Cells are incubated for 3 days 
at 28°C. The supernatant is harvested and filtered. Batch binding and SDS-PAGE analysis is repeated, as 
necessary, until expression of the spinner culture is confiimed. 

The conditiraied medium fiom the transfected cells (03 to 3 L) is harvested fay ceaotrifoga^ remove 
tfie cells and filtered through 0.22 micron fihefs. For the poly-His taged constructs, the protein construct are 
purified using a Ni-NTA column (Qiagen). Before purification, imidazole is added to the conditioned media 
to a concentration of 5 mM. The conditioned media are punqied cmto a 6 mL Ni-NTA column equilibrated in 
20 mM Hepesy pH 7.4, buffer ccmtaining 03 M NaQ and 5 mM imidazole at a flow rate of 4-5 mL^nin. at 4''C. 
After loading, the column is washed with additional equililnation buffer and the protein eluted widi equilibration 
buffer containing 025 M imidazole. The highly purified protein is subsequently desalted into a storage buffer 
containing 10 mM Hepes, 0.14 M NaG and 4% mannitol, pH 6.8, with a 25 mL G25 Superfine (Phannacia) 
column and stored at -SO^'C. 

Immunoadhesin (Fc containing) constructs of proteins are purified firom the conditioned medium as 
follows. The conditioned medium is pumped cmto a 5 mL Protein A colunm (Pharmacia) which had been 
equilibrated in 20 mM sodium phosphate buffer, pH 6.8. After loading, the cohimn is washed extensively with 
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equilibration buffer before elution with 100 mM citric acid, pH 3.5. The eluted protein is immediately 
neutralized by collecting 1 mL fractions into tubes containing 275 of 1 M Tris buffo*, pH 9. The highly purified 
protein is subsequently desalted into storage buffer as described above for the poly-His tagged proteins. The 
homogeneity of the proteins is verified by SDS-PAGE and N-tenninal amino acid sequencing by Edman 
degradation. 

EXAMPLES 
Pieparaticm of Antibodies that Bind CT-1 

This exaix4>le illustrates prq>aratioo of monoclonal antibodies M^ch can q)ecifica]ly bind CT-1 . 

Techniques for producing die monockma] antibodies are known in the art and are described, for 
instance, in Coding, supra, Immunogeos that may be employed include purified CT-,1 fiision proteins 
containing GT-l , and cells expressing recombinant CT- 1 on the cell sur&ce. Selection of the trnmunogea can 
be made by the skilled artisan without undue experimentation. 

Mice, such as BAIb/c, are immiuiized widi the CT-1 immunogen emulsified in complete Freund's 
adjuvant and injected subcutaneously or intraperitoneally in an amount fiom 1-100 miCTograms. Alternatively, 
the immunogen is emulsified in MPI^TDM adjuvant (Ribi Immunochemical Research, Hamiltoi^ MT) and 
injected into the animal's hind foot pads* The immunized mice are then boosted 10 to 12 days later with 
additional immunogen emulsified in selected adjuvant Thereafter, for several weeks, the mice may also be 
boosted with additional inmiunization injections. Serum samples may be periodically obtained from the mice 
by letio-orbital bleeding for testing in ELISA assays to detect anti-CT-1 antibodies. 

After a suitable antibody titer has been detected, the animals "positive" for antibodies can be injected 
with a final intravenous injection of CT-1. Three to four days later, the mice are sacrificed and the spleen cells 
aie harvested. The spleen cells are then fused (using 35% polyethyleene glycol) to a selected murine myeloma 
ceD line such as P3X63AgU.l, available fiom ATCC, No. CRL 1597. The fusions generate hybridoma cells 
\Anch can then be plated in 96 well tissue culture plates containing HAT (hypoxanthine, aminopterin, and 
thymidine) medium to inhibit proliferation of nrai-fused cells, myeloma hybrids, and spleen cell hybrids. 

Hie hybridoma ceDs are screened in an ELISA for reactivity against CT-1. Determination of ''positive*' 
hybridoma cells secreting the desired monodonal antibodies against CT-1 is witiiin the skill in the art 

The positive hybridoma celb can be injected intraperitoneally imo syngen^ 
ascites containing the anti-CT-1 monoclonal antibodies. Alternatively, the hybridoma cells can be grown in 
tissue culture flasks or roller bottles. Purification of the monoclonal antibodies produced in the ascites can be 
accomplished usiiig ammonium sulfate precipitation, followed by gel exclusion chromatography. Alternatively, 
afiinity chromatogrsqphy based upon binding of antibody to Protein A or Protein G can be employed. 
* * ♦ * 

Deposit of Material 

The following material, a plasmid encoding CT-1 (disclosed in U.S. Serial No. 08,286304 filed August 
5, 1994,nowU.S. Patent No. 5,57 1,893, issued November 5, 1 996), has been dqx)sited with the American Type 
Culture Culture Collection, 10801 Univeisity Blvd.. Manassas, VA 201 10-2209, USA (ATCC): 
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Mati^ ATCCPep.Wo. Deposit Date 

pBSSK+.huCTl.h5 74.841 July 26, 1994 

This deposit was made under the provisioiis of the Budapest Treaty on the Intemational Recognition 
of the Dq)05it of Miaoorganisms for die purpose of Patent Procedure and the Regulations thereuncbr (Budapest 
Treaty). This assures maintenance ofa viable culture of the dq>osit for 30 years fix^ The 
deposit will be made available by ATCC under the tenns of the Budapest Treaty, and subject to an agreement 
between Genentech, Inc. and ATCC, which assures permanent and unrestricted availability of the pn^eny of 
the culture of the deposit to the public upon issuance of the pertinent U.S. patent or upon laying open to the 
public of any U.S. or foreign patent application, whichever comes first, and assures availability of the progeny 
to one determined by the U.S. Commissioner of Patents and Trademarks to be entitled thereto according to 35 
U.S.C. § 122 and the Commissioner's rules pursuant thereto (including 37 CFR§ 1.14 with particular reference 
to 886 OG 638). 

The assignee of the present application has agreed that if a culture of the materials on deposit should 
die or be lost or destroyed when cultivated under suitable conditions, the materials will be promptly replaced 
on notification with another of die same. Availability of the deposited material is not to be construed as a license 
to practice the invention in contravention of the rights granted under the authority of any government in 
accordance widi its patent laws. 

The foregoing written specification is considered to be sufficient to enable <»ie skilled in the art to 
practice the invention. The present invention is not to be liniited in scope by the constnictdqx)8ited,si^ 
dqiosited embodiment is intended as a single ilhistiBtion of certain aspects of die invention and any constructs 
that are functionally equivalent are within the scope of the this invention. The deposit of material herein does 
not constitute an admission that the written descr^tion herein contained is inadequate to enable the practice of 
any aspect of the invention, including the best mode thereof, nor is it to be construed as limiting die scope of the 
claims to the specific illustrations that it represents. Indeed, various modificaticms of the invention in addition 
to those shown and described herein will become apparent to those skilled in the art firom the foregoing 
description and fall within the scope of the appended claims. 
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CLAIMS: . 

1 . A method of diagnosing tumor in a mammal, comprising detecting the level of expressicm of 
a gene encoding a cardiotrophin-l (CT-1) polypeptide (a) in a test sample of tissue cells obtained from the 
mammal, and (b) in a control sample of known normal tissue cells of the same cell type, wherein a higher 
expression level in the test sample indicates the piesence of tunK>r in the mammal from which the test tissue cells 
were obtained. 

2. A method of diagnosing tumor in a mammal^ conq>rising (a) contacting an anti-CT- 1 antibody 
with a test san^le of tissue cells olitained from die mammal, and (b) detecting the foimation of a ccnnplex 
between the anti-CT- 1 anUlxxiy and the CT-l po]ypq)tide in test saiiq>le. 

3 . Hie method of claim 2 wherein said test sample is obtained from an individual suspected to 
have neoplastic cell growth or prolifeiattoa 

4. A cancer diagnostic kit, comprisiiig an anti-CT-1 antibody and a carrier in suitable packaging. 

5. The kit of claim 4 fiirther comprising instructions for using said antibody to detect the CT-1 
polypeptide. 

6. A method for inhibiting the growth of tumor cells comprising exposing a cell ^hich 
overexpresses a CT-1 polypeptide to an effective amount of an agent inhibiting Ac expression and/or activity 
of the CT-lpolypq>tide. 

7. Hie method of claim 6 wherein said agent is an anti-CT- lantibody. 

8. The method of daim 7 wfacrdn said tumor cells are frirther exposed to radiation treatment or 
a cytotoxic or diemothen9)eutic agent 

9. An article of manufacture, con^xrising: 
a container; 

a label on the container; and 

a con^x)sition comprising an active agent contained within the container, wherein the composition is 
effective for inhibiting the growth of tumor cells, the label on the container indicates that the composition can . 
be used for treating conditions characterized by overexpression of a CT-1 polyp^tide, and the active agent in 
the composition is an agent inhibiting the expressicm and/or activity of the CT-1 polypeptide. 

10. The article of manufacture of claim 9 wherein said active agent is an anti-CT- 1 antibody. 

11. A mediod for identi^dng a confound capable of inhibiting the esqnession or activity of a CT- 1 
polypeptide, comprising contacting a candidate compound with a CT-1 polypeptide under conditions and for 
a time sufficient to allow these two cooqxments to interact 

12. Hie method of claim 11 wherein said candidate compound or said CT-1 polypeptide is 
immobilized on a solid support 

13. The method of claim 12 wherein the non-immobilized component carries a detectable label. 

14. An isolated nucleic acid molecule comprising DNA having at least an 80% sequence identity 
to (a) a DNA molecule encoding a cardiotrophin-l (CT-1) polypeptide having the sequence of amino acid 
residues of Figure 1 A (SEQ ID N0:3), or (b) the con^)lement of the DNA molecule of (a). 

15. The isolated nucleic acid molecule of claim 14 comprising the sequence of Figure 1 A and IB 
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(SEQIDNO:!). 

16. The isolated nucleic acid molecule of claim 14 comprising the sequence of Figure lA and IB 
(SEQIDN0:2). 

17. An isolated nucleic acid molecule encoding a CT- 1 polypeptide, comprising DNA hybridizing 
to the complement of the nucleic acid having the sequence of Figure lA and IB (S£Q ID NO:l) or (SEQ ID 
N0:2). 

18. A vector coDoq[xrising the nucleic acid of claim 14. 

19. The vector of Claim 18 operably linked to control sequences recognized by a host cell 
transformed with the vector. 

20. A host cell conq)rising the vector of Qaim 18. 

21 . The host cell of Claim 20, wherein said cell is a CHO cell. 

22. The host cell of Claim 20» wherein said cell is an £1 colL 

23. The host cell of Claim 20, wherein said cell is a yeast celL 
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